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Under a grant from the National Air Pollution Control Administra-
tion, the Missouri Geological Survey undertook a core drilling program 
to learn more about the coals in north-central Missouri. The strati-
graphic setting and chemical and petrographic characteristics of 43 
complete samples of coal recovered from 13 diamond drill holes in the 
exploration program in north-central Missouri are major contributions of 
this study. These samples represent twelve different coal beds of the 
Ato k an and Desmoinesian Series of the Pennsylvanian System of Missouri 
and range in thic ~ness from 9.6 to 44.4 inches. They have an average 
thickness of 20.4 inches and a combined thickness of 71.8 feet. Detailec 
lithologi c logs of the drill cores are an additional contribution of 
this investigation. 
In the seve n county area of this report, there are an estimated 
15.4 billion tons of coal resources. Of this total about 4.3 billion 
tons are classified as unmined coal reserves. 
Pro x imate and ultimate analyses, BTU and sulfur content including 
forms of sulfur are given for each of the coals sampled. The BTU conteni 
of the coals has an arithmetic mean of 10,447 as received. The arith-
metic mean of the sulfur content of the coals is 4.69 percent as re-
ceived of which 3.26 percent is pyritic, 1.39 percent is organic, and 
0.04 percent is sulfate. The weighted average sulfur content based on 
thickness of the coal is 4.94 percent as received of which 3.37 percent 
is pyritic, 1.53 per ce nt is organic , and 0.04 per cent is sulfate. 
The coals studie d may be classified as high volatile bituminous. 
They have an arithmetic mean of 35.9 percent volatile matter and 13.8 
percent moisture as received. The arithmetic mean of the fi xe d carbon 
content is 36.1 percent. Ash content is quite variable and ranges from 
3.6 to 25.9 percent with an arithmetic mean of 11.9 percent. 
The maceral groups of vitrinite, inertinite, and exinite as well as 
mineral matter were identified and counted under reflected light from 
polished particulate sections of each of the 43 coal samples. This is 
the first time that such work has been done in Missouri. Vitrinite is 
the major maceral group present in the coals with an arithmetic mean of 
80.1 percent. The vitrinite content of the coals increases irregularly 
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towards the west in the study area. Inertinite has an arithmetic mean 
of 4.9 percent and e x inite has an arithmetic mean of 2.5 per c ent. 
Mineral matter is the second highest overall of the microscopic compo-
nents studied, with an arithmetic mean of 12.5 percent. 
Practical uses of coal petrography in exploration and exploitation 
of coal mine lands are suggested. Other practical applications such as 
coal correlation , cost estimates in mining , and coal preparation are 
briefly described. 
A quantitative analysis was made of 74 elements with a mass spec-
trometer from seven selected coals. This was done by the U.S. Bureau 
of Mines at the request of the Missouri Geological Surve y for this study. 
Most elen1ents oc cur in the total coal sample in less concentration than 
the average amount of the same element found in crustal rocks of the 
earth. Sulfur , boron, silver, selenium, molybdenum , iodine, germanium, 
arsenic, and antimony are enriched in the total coal relative to the 
abundance of these nine elements in crustal rocks. The enrichment ratio 
ranges from 2 (antimony and arsenic) to 65 (sulfur). 
The minor elements of beryllium, germanium, nickel, vanadium, and 
zinc are shown to be associated with the organic fraction of the coals 
analyzed. The lower ash coals have a higher overall concentration of 
these elements in the coal ash. Of the major elements present in crustal 
rocks and analyzed in the total coal samples by mass spectrometry , the 
following relationship applies: 
Si > Al > Fe > Ca > Na > K >Mg> Ti > P (crustal rocks) 
Fe > Si > Al > Ca > Mg > K > Ti > P > Na (total coal) 
Representative samples of the 43 coals were each ashed and then 
analyzed semiquantitatively on a 3-meter, d.c. arc emission spectrograph 
for beryllium, boron, copper, germanium, lead , molybdenum , silver, 
vanadium , and zinc. The order of abundance for these nine elements is: 
B > Cu > Pb > Zn > V > Mo > Ge > Be > Ag 
Boron ranges from 100 to over 1000 parts per million in the coal ash with 
most of the sampl e s falling within the 500 to 1000 parts per million 
range. The concentration of beryllium is less than 50 parts per million 
in all the coal ashes. The contents of molybdenum and vanadium range 
from about 10 parts per million to ov~r 100 parts per million with most 
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o f molybdenum falling within the 10 to 50 parts per million range and 
most of vanadium falling within the 50 to 100 parts per million range. 
Vanadium was not detected in one sample (detection limit of 10 parts 
per million). Germanium was not detected in 10 of the 43 samples. Of 
the samples that contained germanium, most contained from 10 to 50 parts 
per mill i on. The concentration of silver exceeds 10 parts per million 
in 5 of the 43 samples. 
Copper, lead and zinc were detected in every sample. Copper ranges 
fr om 50 to over 500 parts per million with most of the samples con tain-
ing from 100 to 500 parts per million. Lead ranges from 10 to over 100 
parts per million with most of the ashes containing over 100 parts per 
million. Zinc falls within a somewhat narrower range of from 50 to just 
over 100 parts per million. 
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A recent estimate shows the state of Missouri to po ssess ove r 50 
billion tons of coal resou rces. This inc ludes all coal in b e ds 12 or 
more inches in thickness which can reasonably be assumed to exist. Of 
this, 32.2 billion tons h a ve been d e termined by mapping and physical 
exploration (Robertson, pe rsonal communication, 1973). Missouri no# 
ran ks a mo n g the to? ten states in bituminous coal resourc e s. Include d 
as part of this total resource base are 12.3 billion tons of unmined 
coal reserves. These are coal d e posits proven to e xist and which can 
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b e mined with existing technology and u n d e r existing econ omic conditioDs . 
By production, howe ver, Missouri ranks 16th (Nielsen, 1971). In 1971 
the state produced only about 4 million tons of coal. Since 1840, when 
Missouri coal was first mined commercially, only 330 million tons have 
b e en mined. 
In the s e ven county area of this report (Adair, Chariton , Harrison, 
Linn, Macon, Me rcer, and Sullivan Counties), only abou t 70 million tons 
of coal had been mined through 1971, yet these counties contain almost 
one-third (15.4 billion ton s) of the state's coal resources and over 
one-third (4.3 billion tons) of the state's u nmined coal reserve s. 
Ta ble 1 gives the total production for each cou nty and shows the esti-
mates of the total original resources made by Hinds (1912), Searight 
(1967), and Robertson (personal communication, 1973). The latter also 
includ e s e stimates for the remaining reserve s of eac h county. Rob e rts on 
was more conservative in his estimate of resources in untested ar e as 
than was Hinds. Searight's figures include only coal known to e x ist 
through mapping and e x ploration . 
Be cau se Missouri's coal resources constitute such a significant 
portion of the unmined coal resou rces of the United States, there is a 
need to acquire d e tailed information o n the nature and character of 
this valuable ene rgy sou rce. The spe cific objective s of this study ar e : 
(1) to pr ovide data o n the physical, pe trographic, major chemical, a nd 
trace element properties of the important coals in north-central 
Missouri including a n evaluation of the coals as a possible source of 
certain elements, (2) to provide information on the concentration a n d 
forms of elements that may be considered potential sources of pollution, 
Table 1 
Coal Resources and Reserves of North-Central Missouri 
Production Through Estimated Total Original Resources Estimated Remaining 
19 71-;\- (million tons) Reserves 
(million tons) (million tons) 
County Hinds(l912) Searight(l967) Robertson Robertson 
(Personal Communication) (Personal Communication) 
Adair 15.83 2,263.63 900.10 1,808.65 882.49 
Chariton 0.24 2,168.80 21.70 1,138.94 277.86 
Harrison 0.98 3,363.84 1,681.90 2,681.98 370.58 
Linn 4.12 2,827.20 269.60 1,817.30 832. 56 
Macon 49.71 2,985.89 1,985.90 2,339.10 574.38 
Mercer neg. 4,329.60 2,956.80 3,456.82 910.13 
Sullivan 0.05 2,971.13 1,125.00 2,168.01 496.34 
Totals 70.93 20,910.09 8,941.00 15,410.80 4,344.34 
*Compiled from the annual reports of the Division of Mine Inspector, State of Missouri 
N 
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particularly sulfur, (3) to describe the geologic setting of the coals 
including th e nature of the overburden; and (4) to correlate the coal 
beds across the area with those in western Missouri and western Illinois. 
It is hoped that this information will aid the future exploitation of 
coal in the state. 
A core drilling program was initiated in 1970. This was sponsored 
in part by the National Air Pollution Control Administration which is 
now the Office of Air Programs of the Environmental Protection Agency. 
The drill hole locations selected were in the north-central part of the 
state (Fig. 1) in an area where important coal resources were thought 
to occur at reasonable depth but where little quantitative geologic 
data were available. Most of the area has a thick cover of glacial 
drift which locally may reach a thickness of over 400 feet. The drill 
hole sites were selected partly on the basis of expected shallow bed-
rock, yet the average depth to the bedrock for the fourteen holes was 
157.6 feet. The location, elevation and total depth of each of the 
fourteen drill holes is given in Table 2. The elevations at the drill 
sites have been estimated from topographic maps. More precise elevations 
will be determined by survey at a later date. 
From the fourteen drill hole cores, a total of 43 coal samples were 
collected. These coals ranged from 9.6 to 44.4 inches in thickness a nd 
had an average thickness of 20.4 inches. Background work for this 
investigation involved the detailed geologic logging of almost 6000 feet 
of core. The logs are included as an appendix. 
The coals recovered were prepared for petrographic a n d chemical 
analysis. For the petrographic investigation, the percent by volume of 
the maceral groups of vitrinite, e x inite, and inertinite were determined 
from polishe d particulate samples of the 43 coal samples by the point 
count method. Mineral inclusions were also counted. A trace element 
study was made of the ashes of the coal samples. The range of the 
concentrations of beryllium, boron, copper, germanium, lead, molybdenum, 
silver, vanadium, a nd zinc for each coal was determined using a 3-rneter, 
d.c. arc emission spectrograph. In addition, representative samples of 
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KEY MAP SHOWING LOCATION OF COUNTIES 
Figure 1 
Location of drill holes in north-central Missouri. 
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Table 2 
Locatioa, Elevation, and Total Depth of Drill Holes 
in North-Central Missouri 
Drill Hole No. County Elevation Total Depth Location 
(feet) (feet) 
1 Macon 800 246.1 SW~, SE~, NW~, Sec 7, T57N, Rl6W 
2 Chariton 730 196.1 NW~ , sw~ , sw~, Sec 18, T56N, Rl7W 
3 Linn 920 435.9 NE~ , NW~ , NW~, Sec 10, T59N, Rl9W 
4 Sullivan 1043 381.0 SE~, SE~, NE~ , Sec 7, T63N, Rl8W 
5 Sullivan 970 355.8 SE~ , SE~, SE~, Sec 26, T63N, R21W 
6 Mercer 1020 776.3 SW~ , SE~, SW~, Sec 35, T65N, R25W 
7 Mercer 820 536o0 NW-t , NW~, NW~, Sec 33, T64N, R24W 
8 Harrison 900 554.0 SW~ , SW~, NE~, Sec 22, T64N, R26W 
9 Mercer 1036 649.0 NE~ , NW~, NE~, Sec 8, T64N, R23W 
10 Mercer 1060 509.0 SW~, SE~, SE~, Sec 28, T66N, R25W 
11 Harrison 850 557.0 NE ~ , SE~, NW~, Sec 15, T65N, R26W 
12 Adair 840 300.0 Center, SW~ , NW~, Sec 12, T61N, Rl7W 
13 Macon 975 501.5 NW~ , NE~, NW-~ , Sec 35, T60N, Rl7W 
14 S'.111ivan 1040 388.0 NE~ , NE~, SE~, Sec 8, T62N, R18W 
Vl 
seve n of th e coals wer e sent to the U.S. Bureau of Min e s wh e r e th e 
concentrations of 74 elements were d e t e rmined using a c omme rcial 
Mattauch-Herzog spark-sour ce mass spectrometer. Thes e s even coals 
were selected either on the basis of future economic importance or fo r 
correlative study. Proximate and ultimate analyses, BTU conten t, and 
the determinations of the sulfur forms present in the coals we r e also 
made by the U.S. Bureau of Mines. A summary of these findin g s is 
included in this report. 
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REVIEW OF LITERATURE AND PREVIOUS WORK 
Previous Coal Studies in Missouri 
The first published statement on Missouri coal was made by Long 
(1823) when he noted coal-bearing rocks in a cross-country expedition. 
He made no attempt to classify the coal-bearing strata. Over thirty 
years later Swallow (1855) and Cobb (1858) began systematic studies of 
the coal beds. 
In 1866 Broadhead made a composite Pennsylvanian section for 
Missouri in which he numbered the coal-bearing units. Seven years 
later, Broadhead (1873) reported on the geology of the coal in north-
western Missouri. Winslow (1891) dealt with the coal industry of the 
state and gave a systematic description of all the coal beds being 
mined at that time. The Bevier and Summit coals were narrted by McGee 
(1892) in his work on the stratigraphy of Macon County. Bain (1894) 
described the structure and peculiarities of the Mystic coal basin in 
northern Missouri. Brush (1905) briefly discussed the various coal 
fields in the state. 
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The most comprehensive report on coal to that date was written by 
Hinds (1912). He included chapters on stratigraphy and modes of occur-
renee of Missouri coals. He also described the coal industry, chemical 
analyses and other tests made on Missouri coals as well as very detailed 
descriptions of the coal fields by region and county. This volume was 
a primary reference for many years. Greene (1914), who had worked with 
Hinds, described the coal in northeastern Missouri. Later, Greene 
(1943), in an appendix to the Biennial Report of the State Geologist, 
discussed the Lexington coal in the northwestern part of the state. 
Searight (1949) provided a composite description of the coal production, 
distribution, and consumption in Missouri. Subsequent publications 
included a paper by Howe and Searight (1953), and various county reports 
made by Unklesbay (1952) and Gentile (1965, 1967). 
Since 1969, the Missouri Geological Survey has been gathering data 
and preparing a detailed inventory of all the coal resources in the 
state. A report by Robertson (1971) summarizes much of this information. 
8 
Development of Coal Petrography 
Because of coal's opaque and brittle nature, many problems relating 
to sample preparation had to be solved before it could be studied 
microscopically. At first, thin sections for microscopic study were 
used, but not always with reliable results. The main difficulty in 
thin section preparation was getting the section to the desired thick-
ness of 3-5 microns. In contrast, the standard for thin sections of 
inorganic rock is 30 microns. 
The first thin sections of coal were made by Withan and Hutton in 
the early 1830's. Studying three types of coal from Great Britain, 
Hutton recorded the presence of cellular structures which he interpreted 
to be from plant tissue. In addition, he identified a large amount of 
resinous cells that were filled with a yellow "liquid" that volatilized 
upon being heated long before any of the rest of the coal was affected. 
He concluded that these cavities probably were caused by gases trapped 
during the coalification process. Some years later, Frederich Link 
(1838) found that if he boiled his coal samples in kerosene they would 
become more translucent and therefore better for microscopic observation. 
From 1837 to 1846, a number of investigators burned small pieces of 
coal, either partly or entirely , and then observed and described the ash 
under the microscope. 
J.W. Bailey (1846) developed a method in which he pressed the 
surface of a coal sample containing plant structure against a glass 
slide coated with me lted Canada balsam. After the balsam had harde ned, 
the coal was pulled off leaving an impre ssion that could be e x amine d 
under the microscope. 
The physical composition of coal was studied for many years by 
J.W. Dawson (1859, 1871). He was concerned mainly with determining the 
e x act plant genera and specie s that made up the plant matter in coals. 
He also investigat e d the que stion of whether a difference in plant 
growth or plant preservation caused different grades of coal to occur 
in the same bed or in different b e ds of the same coal field. His work 
was bas e d on coals from the middle coal measures of Nova Scotia. 
In 1883 , C.W. Von Gumbel macerated coal using a modified form of a 
method developed earlier by Franz Schulze in which he separated the 
cellulose in coal. Using a mixture of potassium chlorate and dilute 
nitric acid, followed by washing in ammonium hydroxide and then in hot 
alcohol, he observed the process of dissolution under the microscope. 
The results showed that the coalification process goes through an 
entire series from peat to the highest grade of anthracite in an 
uninterrupted sequence. He also concluded that all grades of coal are 
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composed mostly of combustible material in which one can still recognize 
plant material. Although Von Gumbel's work was a great improvement 
over the previous ten or twelve years' research, he used only the 
maceration process. 
By the turn of the century, the major disputes as to the origin of 
coal had been resolved. Subsequently, there was a large expansion in 
the use of systematic coal petrography. 
Reinhardt Thiessen at the United States Bureau of Mines greatly 
improved the technique of coal thin section preparation and proposed 
a system of nomenclature (1920b). Thiessen's classification was based 
on his translation of living plants into the forms these plant tissues 
acquire upon coalification. He described coal in terms of three main 
components: anthraxylon (vitreous-appearing components derived from 
woody tissues of plants), attritus (thin bands of dull coal interlayered 
with anthraxylon), and fusain (lenses displaying fibrous patterns 
resembling charcoal). Table 3 summarizes Thiessen's earliest classi-
fication. Thiessen later modified this classification to include 
different coal types as shown in Table 4. 
About the same time Thiessen began using thin sections to examine 
coal microscopically, another basis of classification was being developed 
in Europe. The European system began with the megascopic description 
of coal when M.C. Stapes (1919) described four distinctly different 
visible ingredients in banded bituminous coal: vitrain, clarain, durain, 
and fusain. Stapes' proposed nomenclature is: 
Vitrain - a coherent and uniform whole, 
brilliant, glossy, indeed 
vitreous in its texture. 
Clarain - has a definite and smooth 
surface when broken at right 
angles to the bedding plane 
and these faces have a 
Table 3 
Microscopic Composition of Coal According to Thiessen 
(after Berry , Cameron , and Nandi, 1967) 
Banded Components 
Anthraxylon (bands 
14 microns thick) 
Attritus 








Constituents of attritus 
,.. 
Humic matter (anthraxylon-like 
shreds 14 microns thick) 
... Brown matter 
"' 




Granular and amorphous opaque 
matter 
Fusain splinters 37 microns 
Table 4 
Coal Types and Their Composition According to Thiessen 
(after Leonard and Mitchell, 1968) 
Types of Coal Quantitative Statements 
'" Bright Coal More than 5% anthraxylon 
10 
Less than 20% opaque attritus 
Banded Coal 
Non-Banded Coal 






More than 5% anthraxylon 
20-30% opaque attritus 
More than 5% anthraxylon 
More than 30% opaque attritus 
Less than 5% anthraxylon 
Less than 5% anthraxylon 
pronounced gloss or shine: 
the surface luster is seen to 
be inherently banded. 
Durain - hard, with a close, firm texture, 
which appears rather granular 
to the naked eye; a broken face 
is never truly smooth but always 
has a fine lumpy or mat surface. 
Fusain - occurs chiefly as patches or 
wedges; it consists of powdery, 
readily detachable, somewhat 
fibrous strands. 
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More recently, C.A. Seyler (1954), in a letter to the Nomenclature 
Sub-Committee of the International Committee for Coal Petrology proposed 
the term lithotypes to designate the different megascopically recognizable 
bands of vitrain, clarain, durain and fusain described by Stapes. Litho-
types, therefore, are somewha t analogous to minerals in rocks and are 
restricted to megascopic description s. 
In Germany, H. Winter (1913) first used the metallurgical microscope 
and reflected light to examine sections of polished coal. At first, the 
method was inferior to the thin section technique because of its lack of 
optical detail. With further research and development, the polished 
section technique became almost equal to the thin section method in 
regards to results obtained. From this time on, both methods were devel-
oped along parallel lines although few investigators used both methods. 
Similarities between the two microscopic methods are evident. 
However, only a general correlation has been made between the components 
defined within the two systems. Table 5 shows the correlation between 
the two systems. 
The technique of examining coal under an oil immersion objective 
was employed by E. Stach of Germany in 1927. Stach and his co-worker 
F.L. Kuhlwein also developed the method of grain analysis by which the 
petrographic components of an arbitrary coal mixture can be quantitatively 
determined. In 1935, Stach published his first textbook of coal petrog-
raphy which was reprinted in 1949. Another German coal petrographer, 
Potonie (1924), also developed fundamental practices for the study of 
all types of coal. 
Table 5 
Nomenclature Correlation of the Methods of 
Thies sen-Bureau of Mines and Stopes-Heerlen 
(International Handbook of Coal Petrography, 1963) 
THA!'\S:'\IITTJ:fl I.ICIIT HrFJ.u:n:u J.JCIIT 
S Y s T r M T 11 n : s s r: :'\- n u 11 1-: . u; oF r.11 :'\ r s SYHE:\1 STOPI:S-IIELHLF.l'\ 
--- - - - -- ---- -
Banded 
components Constituents of attritus 2 ~Macerals 
- - ---- --- - --------- --- - -
A ntl1raxylon 
Vitrinite more thJ n 1 .~ l1. in width. (translucent) 
--- - ---
- ----
Translucent. Vitrinite Ices tk1n r.j t.t in width . T1 ~~ Jb ]u cent Il umi c mat tcr. 
a ttritu s 
Spore ~, pollen. Sporinitr·, rutinitf~, nlginite. Cutides, alga<·. 
Hcsi fi (> US and waxy He:;i11itc . ~ub~t. 
Blu\\11 matter. \Vcakly reflecting semifusinite. 
Attritus (semi t ra nslucen t) . \Vcakly rr.flt ~ rl i ng IJJJssive micrinite . 
\\'ealdy rrOt:r·t i ng srlt-rotiui I c. 
Opaq Uf ~ Granular opaque Gra nular lllicrinitc. atlritus matter. 
- ---------- -
Amorphous (mass ive) Fusin ite less thall 37 fl. in wiJth. 
opnCJue matter. Strongly reOt ·r·ting massive micrini te. 
Finely divided St rongly rcfkcti1tg sclerot iJJit.r. 
fusain, sclerot ia . 
Fusain F usini tc <tJtd ~t·mifw i rtilf' n tnn· tku1 













At the second International Congress on Carboniferous Geology and 
Stratigraphy held at Heerlen in the Netherlands in 1935, the Stopes-
Heerlen classification of coal petrography was established. This system 
gave some degree of uniformity to petrographic nomenclature by distin-
guishing macerals from the lithotypes and mi c rolithotypes. Table 6 gives 
a summary of this nomenclature. 
At the third international conference in 1951, an International 
Committee f or Coal Petrology was estab lished. This Committee later 
published the first concise survey of coal petrology under the title 
International Glossary of Coal Petrology (1957). A second edition 
appeared as the International Handbook ~ Coal Petrography (1963). The 
book descri bes nomenclature in the first part and methods of analysis in 
the second part. 
petrography. 
It stands as the major reference in the field of c oal 
Table 6 
Correlation of Lithotypes, Macerals, 
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Previous Trace Element and other Chemical Studies 
Goldschmidt (1935) pioneered the study of trace elements in c oal. 
He suggested that these elements are mainly derived from the plant 
material from which the coal was formed rather than from other sediments. 
According to him, the enrichment of rare elements in the mineral matter 
of coal is greater when the overall mineral matter content in the coal 
is less. 
Thiessen (1945) discussed the origin and composition of mineral 
matter in coal in a chapter of Chemistry of Coal Utilization. A brief 
outline of some of the problems encountered in coal geochemistry research 
was made in 1949 by Miller. 
Many publications on the chemistry of coal have appeared since 1950 , 
especially related to spectrochemical analyses of coal. The recent 
interest in the environment and pollution control has resulted in an 
increase of publications concerning minor elements in coal. 
Waring and Annel (1953) outline a technique for the semiquantitative 
determination of about 70 elements in rocks, minerals, and ores. A 
rapid method for determining 40 elements in coal ranging in concentration 
from 1 to 30 parts per million was described by Hodge and Baer (1956). 
Fry and others (1956) classified the various methods of semiquantitative 
analysis. 
In 1958, Breger reviewed the important work that had been done in 
the previous ten years on the origin, chemical and physical structure, 
and composition of coal. Schleicher (1959) described a spectrographic 
method of determining the germanium content of coal and gave the results 
of over 100 analyses of coals from Kansas. 
Abernethy, with the U.S. Bureau of Mines, and Zubovic, with the 
U.S. Geological Survey, were important researchers on trace elements in 
coal and coal ash in the 1960's. Zubovic and others made a series of 
studies on the distribution of minor elements in the various coal 
provinces beginning in 1960, and studied the relation of trace elements 
in coal to possible source rocks. O'Gorman and Walker (1972) reported 
on the chemical nature of the mineral matter and trace elements in U.S. 
coals for the Office of Coal Research of the U.S. Department of Interior. 
The major purpose of their study was to develop and evaluate methods of 
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trace element and mineral matter analysis of coal. This included x -ray 
di ff raction, infrared spectroscopy, atomic absorption, emission spectro -
scopy and chemical methods. No coals from Missouri were studied , however. 
Also in 1972, Averitt and others compiled a bibliography of 65 selected 
references on the trace elements present in coal. 
Very little work has been done on the chemical analysis of coals 
specifi c ally from Missouri. Hinds (1912) devoted a chapter to the 
proximate and ultimate analysis of about 55 san1ples of Missouri coal. 
A U.S. Bureau of Mines publi c ation by Fieldner, Cooper, and Osgood (1926) 
gave the proximate and ultimate analysis of over 250 samples of coal 
collected in mines throughout the state. Zubovic and others (1967) 
made a study of 15 minor elements in some of the coals in the Western 
Interior Coal Basin. Unfortunately, only five coals were analyzed from 
Missouri. Two samples were from western Missouri and three samples were 
from north-central Missouri. The three samples from north -central 
Missouri were all from the Bevier Mine in Macon County. Robertson's 
(1971) evaluation of Missouri's coal resources summarizes the average 
sulfur content of each of the coal seams in the state. 
GEOLOGIC SETTING OF THE COALS IN NORTH-CENTRAL MISSOURI 
Coal in Missouri is confined to the rocks of the Pennsylvanian 
System (Fig. 2). These rocks underlay 55 counties in western and 
northern Missouri having a total area of approximately 24,000 square 
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miles. This area as well as coal-bearing strata in the adjacent states 
of Iowa, Nebraska, Kansas . Oklahoma, and Arkansas are included in the 
Western Interior Coal Basin (Fig. 3). The coals of western Missouri 
have been correlated (Searight, 1958) with the coals of Illinois 
(Fig. 4) which make up most of the Eastern Interior Coal Basin. 
Pennsylvanian rocks in north-central Missouri rest unconformably 
on rocks of the Mississippian System (Fig. 5). Eroded areas in th e 
Meramecian Series of the Mississippian System are filled in with older 
Pennsylvanian clays, sandstones, and conglomerates. Above the 
Pennsylvanian strata throughout most of north-central Missouri are 
unconsolidated Pleistocene and Recent deposits composed of clay, sand , 
and gravel. Pleistocene surficial material was brought in from the 
north by the glaciation that invaded the area. 
The Pennsylvanian rocks are composed of the following lithologic 
types in order of decreasing abundance: shale, siltstone, sandstone, 
limestone , coal, and conglomerate. The maximum thickness of the system 
in the seven county area of this report is approximately 700 feet. The 
s e ction thins to the south and east. 
The Pennsylvanian Syst e m in Missouri is subdivided into five series 
which , from the oldest to the youngest, are: Morrowan, Atokan, Desmoin-
esian, Missourian , and Virgilian. Coal is essentially confined to the 
Atokan and Desmoinesian Series. Thes e will be the only two series 
discussed in this report and major emphasis will be given to the impor-
tant coal bed s within them. For additional information, a detailed 
description of the entir e Pennsylvanian System may be found in The 
Stratigraphic Succession in Missouri (Searight and Howe, 1961) and 
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Stratigraphy of the principal coal beds of Missouri 





Area of the Western Interior Coal Basin. 
Contour intervals are isopachs of the 
Desmoinesian Series (modified after 
Branson, 1962). Crosshatching indicates 








































































Myrick Station Limestone Mbr. Brereton Limestone 
Lexln oton Coo I Herrin (No.6) Cool 
Alvis Cool 
H iooinsvi II e Formation 
Houx Limestone Member St. David Limestone 
Summit Coal Sprinofield (No.5)Cool 
Blackjack Creek Formation Hanover Lime5tone 
Mulky Cool Summum (No.4) Coal 
Looonda Formation Pleasantview Sandstone 
Bevier Coal 
Puri no ton Shale 
Wheeler Coal 
Ardmore Lime stone Member Ook Grove Limestone 
Francis Creek Shale 




Robinson Branch Coal 
Mineral Coal Wiley Coal 
Scammon Cool 
Tiawoh Limestone Member Seahorne Limestone 
Tebo Cool Seahorne Cool 
Weir- Pittsburg Cool 
Delono Coals 
Seville Formation Seville Limestone 
Bluejacket Coal Rock Island (No.I) Coo I 
Drywood Cool Pope Creek C oa I 
Rowe Cool Tarter Coal 
Warner Coal Bobylon Coal 
Riverton Coo I 
Figure 4 
Correlation of Missouri and Illinois coals 
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Figure 5 
Pre-Pennsylvanian subcrop of Missouri 
(modified after Branson, 1962). 
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Atokan Series of the Pennsylvanian System 
The Atokan Series was named for the rocks near the town of Atoka, 
Oklahoma. The type section consists mainly of dark shale but contains 
sandstone tongues and lenses (Branson, 1962). In Missouri, the Atokan 
Series is subdivided into the following formations from the oldest to 
the youngest: Cheltenham, McLouth, Burgner, and Riverton. 
The Cheltenham Formation consists mainly of clays with some asso-
ciated clastics. The formation was named by H.A. Wheeler in 1896 from 
exposures in the southern part of the city of St. Louis. This formation 
has not been identified in drill holes in northern and northwestern 
Missouri and there is still some disagreement on the age of the formation. 
The McLouth Formation consists of a succession of dark shales, clays, 
and quartzose sandstone that lies directly above the Meramecian Series 
of the Mississippian System in northern and northwestern Missouri. The 
thickness of the formation varies from a featheredge at the eastern 
boundary of the basin under Putnam, Sullivan, Linn, and Chariton Counties 
to over 200 feet in the northwestern part of the state (Searight and 
Howe, 1961). 
The type area of the Burgner Formation is in Jasper County in south-
western Missouri. Here the formation consists of from the base upward: 
two coal beds, a black siltstone, and a light gray fossiliferous lime-
stone. The formation ranges up to 70 feet in thickness in northwestern 
Missouri (Searight and Howe, 1961). 
The Riverton Formation consists mostly of dark gray to black shale 
and contains up to three coal beds. The formation ranges up to almost 
100 feet in thickness in the northwestern part of the state. For the 
purposes of this report, the tentative correlatives of the three coals 
of this formation have been named informally from the oldest to the 
youngest: "Sub-Princeton-2", "Sub-Princeton-1", and "Princeton" coals. 
The basis for these names is from the occurrence of these three coals in 
drill holes 6 and 7 to the west and south of the town of Princeton in 
north-central Missouri. 
Only 4 of the 13 completed drill holes in north-central Missouri 
contained Atokan formations and these holes are in Mercer or Harrison 
County. The sequence of beds in these two counties correlated with the 
Atokan Series is mainly light gray, fine to coarse-grained sandstone, 
dark gray siltstone and shale with some coal and clay and very little 
limestone. 
The coal beds of the Atokan are much less persistent but often 
thic ker than younger coals. This lack of persistence has hindered 
correlation with the Atokan coals in western Missouri and elsewhere. 
The shapes of the deposits suggest the coals were mainly deposited in 
narrow troughs or basins. 
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Sandstone in the Atokan varies from fine-grained to coarse-grained 
and is generally calcareous and interbedded with thin shale partings. 
The composition of the sandstones is mainly quartz with very few other 
minerals present although they sometimes contain pyrite and/or mica. 
The sandstones appear to increase in thickness to the northwest and 
southeast away from drill hole 6. In drill hole 11, eight miles to the 
northwest of drill hole 6, there is 108.5 feet of sandstone present in 
pre-Cabaniss strata. In drill hole 9, ten miles to the east of drill 
hole 6, there is 95.2 feet of sandstone present. By comparison, in 
drill hole 6 there is only 24.7 feet of pre-Cabaniss sandstone. The 
sandstone in all three holes is quartzose rather than arkosic suggesting 
that the Precambrian granite-rhyolite terrain of the Ozarks was not a 
major supplier of the sediment. The shale in the Atokan is generally 
micaceous, sometimes calcareous, and often contains either pyrite in 
grains up to 4 millimeters in diameter or siderite in bands up to about 
20 millimeters in thickness. 
The Atokan-Krebs boundary is not differentiated in drill holes 7, 
9, and 11 which are near the edge of the Princeton-Cainsville Basin. 
Pre-Cabaniss strata in drill hole 7 consists of a total of 60.3 feet of 
shale, 42.7 feet of sandstone, 25.3 feet of clay, 22.8 feet of siltstone, 
10.0 feet of coal, and 1.2 feet of limestone. There are seven individual 
coal beds ranging in thickness from about three inches to over 44 inches 
in thickness. The two thinnest coals are split by a seven inch dark 
gray shale parting containing coal streaks. These two coals could be 
considered one bed. The coals are overlain by dark gray shale in every 
case except one. The one exception is coal sample 24 which is overlain 
by 2.4 feet of dark gray siltstone. This coal is actually 29 inches 
24 
thic k but the lower 5 inches is very shaly and was not included with 
the sample for analysis. The thic kest coal in drill hole 7 (sample 23) 
is only 5. 7 feet above san1ple 24. The two coals could be mined 
together and yield over 6 feet of coal. Unfortunately the depth of 
these two coals is about 440 feet. 
Pre-Cabaniss strata 6 miles to the northeast of drill hole 7 , in 
drill hole 9, is more sandy and less shaly than that in drill hole 7. 
In drill hole 9 the sandstone totals 95.2 feet. There is 41.1 feet of 
shale, 9.1 feet of siltstone, 7.0 feet of clay, 3.6 feet of coal , and 
0.7 foot of limestone. Of the four pre-Cabaniss coal beds present, none 
is mineable. The thickest of the four coals is 17 inches thick (sampl e 
34) and is at a depth of 567 feet. 
Pre-Cabaniss strata in drill hole 11, 20 miles to the west of drill 
hole 9, has a total of 108.5 feet of sandstone , 70.1 feet of siltstone , 
23.9 feet of shale, 6.0 feet of clay , 4.0 feet of coal, and 0.5 foot of 
limestone. The coal occurs in two beds at depths of 461 and 506.3 feet. 
The lower coal (sample 40) is overlain by 6 inches of very fossiliferous 
limestone. 
The boundary between the Krebs Subgroup and Atokan Series is differ-
entiated in drill hole 6. The Atokan contains 46.3 feet of shale, 32.9 
feet of siltstone, 24.6 feet of sandstone, 7.6 feet of coal, and 2.8 
feet of clay. A one i n ch thick quartz conglomerate direc tly over l ays a 
22 inch coal (sample 18). 
Se v e ral potentially mineable Ato kan coals appear in drill hol e 6. 
Two coals (sample 15 and 16) total 48 inches and are split by only 1.7 
feet of dark gray shale. The upper coal is overlain by 2.3 feet of da rk 
gray laminated shale. The lower coal has 1.3 feet of underclay. A third 
coal 19 inches thic k, sample 17 , is just 13.2 feet b e low the lower c oal. 
Again the d e pth of th e s e thr e e c oals, 663.4 f e et to the top of the u p per 
coal, is a disadvantage. A fourth Atokan c oal, sample 18 , is 22 inc hes 
thic k a nd o ccurs at a d e pth of 717.1 f e et. The strata b e tween the coals 
consists mostly o f dark gr a y shal e and light gray siltstone. Sampl e s 1 5 
a n d 16 have been informally named the upper and lower bench of the 
"Princeton " coal and samples 17 and 18 have been informally named the 
"Sub-Princeton-1" and "Sub-Princeton-2" coals respectively. 
The "Princeton", "Sub-Princeton-1", and "Sub-Princeton-2" coals 
occur in a basin that underlies much of Mer cer County and part of 
Harrison County (Fig. 1). As mentioned earlier, they are tentatively 
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correlated with the coals of the Riverton Formation. Before more defi-
nite correlations are rrtade, more subsurface stratigraphic work should be 
done in the Princeton-Cainsville area of north-central Missouri. The 
suggested correlation between drill holes in Harrison and Mercer Counties 
of the "Princeton", "Sub-Princeton-1", and "Sub-Princeton-2" coals as 
well as the overlying "Cainsville" coal is shown in Figure 6. 
Desmoinesian Series ~i ~he Pennsylvanian ~stem 
The type area for the Desmoinesian Series is along the Des Moines 
River of Iowa. Because the series formed in a platform tectonic setting , 
the section is incomplete at the base. This has resulted in problems in 
naming and correlating the basal Desmoinesian. 
The classification of Desmoinesian rocks in the midcontinent was 
adopted in 1947 at an interstate conference held at the Kansas Geological 
Survey. Other states represented were Iowa, Missouri, Nebraska, and 
Oklahoma (Moore, 1948). A second conference was held in Nevada, Missouri 
in 1953 (Searight and others, 1953). At these meetings the Desmoinesian 
was classified as a stage composed o f the Venteran and Cygnian Substages. 
The Venteran Substage included strata from the top of the Atokan Stage to 
the top of the Seville Formation. The Cygnian Substage included strata 
from the top of the Seville Formation to the top of the Holdenville 
Formation (Searight, 1958). At the Nevada conference the Desmoinesian 
was divided into the Krebs, Cabaniss, and Marmaton Groups. The Krebs 
and Cabaniss Groups were proposed to tak e the place of the older Cherokee 
Group proposed by Haworth and Kirk (1894). This was suggested because 
of the time-stratigraphic break that occurs at the top of the Venteran 
(Oakes, 1953). Thus the Krebs Group corresponded to the Venteran Stage 
and the Cabaniss Group in c luded formations from the top of the Seville 
to the top of the Ex cello Formations. Chero kee was later readopted as a 
group and the Krebs and Cabaniss were lowered to subgroup status in 1955 
at a meeting in Lawrence, Kansas (Howe, 1956). 
"CAINSVILLE" COAL 
11 PRINCETON .. COAL 
11 SUB·PRINCETON·t"COAL 
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Stratigraphic correlation of the pre-
Cabaniss Pennsylvanian coal beds of 





Many of the stratigraphic subdivisions of the Desmoinesian Series 
are not uniform between adjoining states. The Krebs and Cabaniss 
Subgroups of Missouri are groups in Oklahoma and formations in Kansas 
(Branson, 1962). The Seville Formation of Missouri is equivalent to 
the Seville Member of the Spoon Formation of Illinois. In Oklahoma, 
Desmoinesian formations are mostly named from strata in the Arkoma Basin. 
As a result J the equivalent of the Desmoinesian Series has 4 formations 
in Illinois, 27 in Missouri~ 24 in Kansas, 11 in the Arkoma Basin of 
Oklahoma, and 13 on the Oklahoma Platform. In Iowa formations have only 
been established in the Marmaton Group of the Desmoinesian Series where 
seven formations have been described (Landis, 1965). A comparison of 
the groups and formations of the Desmoinesian Series for these states 
is shown in Table 7. 
Although formations have not been established in the lower Desmoin-
esian of Iowa, several important units have been named. These can b e 
correlated with formations in Missouri and Illinois. The units from the 
base upward include: the Laddsdale coal - a probable equivalent o f the 
Bluejacket coal of Missouri and the Rock Island (No. 1) coal of Illinois, 
the Seville (Laddsdale) limestone, the Munterville limestone - a possible 
equivalent of the caprock of the Weir-Pittsburg coal of Missouri, the 
Seaborne limestone - a probable equivalent of the Tiawah Limestone Member 
of the Scammon Formation of Missouri, the Wiley coal - a probable equiv-
alent of the Mineral coal of Missouri, the Whit e breast coal - equiva lent 
of the Croweburg coal of Missouri and the Colche s t er (No. 2) coal of 
Illinois, the Ardmore limestone, the Wheeler coal, the Bevier coal, the 
Pleasantvie w sandstone - equivalent to the Lagonda Formation of Missouri, 
and the Mul ky coa l. 
The lower Chero k ee section in Iowa generally contains fewer key 
horizons that may b e us e d f or correlation. Because of basin origin many 
of the units ar e lenticular. They also vary greatly laterally in lithology. 
The Sevill e Lime stone is the only formal unit in the lower Cheroke e o f 
Iowa. It has a l so been called th e Laddsdale Limestone in southern Iowa 
because it forms the caprock of th e Laddsdale coal. All other beds of 
limestone occur as isolated lenses in shale and are of no value for 
correlation. 
Groups and Formations of the Desmoinesian Series 
[Modified from Branson, (1962), Howe, (1956), Kosanke et al., (1960), and Landis, (1965~ 
Arkoma Basin Oklahoma Platform Kansas Missouri Iowa Illinois 
Holdenville Holdenville Holdenville Holdenville Lenapah Modesto 
· Lenapah Lenapah . Lenapah . Nowata 
0.. 0.. 0.. 0.. 
0 Nowata 0 Nowata 0 Nowata 0 Altamont 
Wewoka c Altamont c Altamont c Altamont c Bandera Carbondale 
0 0 Bandera 0 Bandera 0 ~ Bandera ~ ~ ~ Pawnee 
C'j C'j C'j C'j 
S Pawnee s Pawnee s Pawnee s La bette 
1-4 1-4 1-4 La bette 1-4 Wetumka ~ Labette ~ La bette C'j ~ Fort Scott Calvin Fort Scott Fort Scott ~ Higginsville 
Little Osage 0.. ::l 





Mulky Mulky c C'j 
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Lagonda Lagonda C) ~ 
Senora Senora Bevier Bevier 
0.. 0.. 
Verdigris Verdigris 
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0 0 
l-4 1-4 0.. Fleming 0.. Fleming 0.. not 
C) C) ::l ::l ::l 
0 Robinson Br. 0 Robinson Br. 0 established Spoon 
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Cf) Cf) C) Mineral C) Mineral C) 
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Stuart ...c: ...c: ...c: 




0.. 0.. Bluejacket Bluejacket 
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The upper Desmoinesian (Marmaton Group) of Iowa is quite similar to 
the Marmaton Group of Missouri except that the Holdenville Formation is 
not present in Iowa and all beds between the base of the Blackjac k Creek 
Limestone and the base of the Labette Formation are grouped together into 
the Fort Scott Formation in Iowa. This contrasts with Missouri nomen-
clature where the Fort Scott is a subgroup containing the Blackjack 
Creek, Little Osage, and Higginsville Formations. 
In Missouri the Desmoinesian Series is divided into the Cherokee 
and Marmaton Groups. The Cherokee Group is further subdivided into the 
Krebs (lower) and Cabaniss (upper) Subgroups and the Marmaton Group is 
subdivided into the Fort Scott (lower) and Appanoose (upper) Subgroups 
(Fig. 7). The formations of the Chero kee Group of Missouri from the 
base upward are: Hartshorne (?), Warner, Rowe, Drywood, Bluejacket , 
Seville, Weir, Tebo, Scammon, Mineral, Robinson Branch, Fleming, Crowe-
burg, Verdigris, Bevier, Lagonda, Mulky and Excello. The top of the 
Seville Formation marks the top of the Krebs Subgroup. The Marmaton 
Group is divided into the following formations from the base upward: 
Blackjack Creek Little Osage, Higginsville, Labette, Pawnee, Bandera, 
Altamont, Nowata , Lenapah, and Holdenville. The top of the Higginsville 
Formation marks the top of the Fort Scott Subgroup. 
Best sections of the Desmoinesian Series are in drill holes 6 and 
9. The Desmoinesian Series is present in its entirety in drill hole 6 
except for the top of the Marmaton Group. In this group the Altamont, 
Nowata, Lenapah , and Holdenville Formations are replaced by a conglomerate 
which is overlain by sandstone of the Pleasanton Group of the Missourian 
Series. The conglomerate consists of limestone and clay nodules in a 
sandstone matrix with some gray shale fragments and bituminous material. 
The fragments are elongate and subangular. Twelve Desmoinesian coal beds 
were cut in drill hole 6. 
Cherokee Group 
Haworth and Kir k (1894) originally named the shale and sandstone 
beds between the Mississippian and Fort Scott limestones the Cherokee 
Shale from its occurrence in Cherokee County, Kansas. Keyes (1897) gave 
this succession of beds formational status. Moore suggested raising the 
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Subdivisions of the Desmoinesian Series of Missouri 
(after Gentile, 1965). 
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formation to group status in 1949. As noted, the Cherokee Group was 
later subdivided into the Krebs and Cabaniss Subgroups. 
At the 1953 Nevada Conference, the Krebs and Cabaniss Subgroups 
were s ubdivided into formations. Because the coals are the most 
31 
persistent units, formational boundaries were placed at the top of each 
coal bed. 
Krebs Subgroup 
The Krebs Subgroup (Oakes, 1953) includes the succession of strata 
between the base of the Desmoinesian Series to the base of the Cabaniss 
Subgroup. In southwestern Macon County, Missouri the Krebs is absent 
or very thin. The best section of the Krebs Subgroup occurs at Goshen, 
Missouri in drill hole 6. This site is probably near the center of a 
basin extending from Princeton to Cainsville in north-central Missouri 
(Fig. 1). This relatively small basin is part of the much larger Forest 
City Basin which includes all of northwestern Missouri and extends into 
Iowa, Nebraska and Kansas. In drill hole 6 medium-dark to dark-gray 
mainly sandy and silty shales predominate in the Krebs. Sandstone and 
clay are of secondary importance and siltstone and limestone are less 
abundant than coal. The "Cainsville" coal which for the purposes of 
this report is tentatively correlated with the Rowe coal is the only 
coal present in the Krebs Subgroup of drill hole 6. It is 38 inches 
thick and overlain by 30.1 feet of dark gray shale. 
3.7 feet of hard clay. 
Below the coal is 
The correlation of the "Cainsville" with the Rowe coal differs with 
Searight's (1967) correlation of the "Cainsville" with the Weir-Pittsburg 
coal. With a detailed log of the core from drill holes 6, 7 and 11 it is 
apparent that the Weir-Pittsburg and "Cainsville" coals are two distinct 
beds. 
Where the "Cainsville" coal is present, the Weir-Pittsburg coal is 
very thin and often shaly. In dri ll hole 6, the most complete section, 
the Weir-Pittsburg coal is only 14 inches thick and split by a 1.9 foot 
clay and shale parting. The "Cainsville" coal is 67.8 feet below the 
base of the Weir-Pittsburg coal. In drill hole 7, seven miles to the 
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southeast of drill hole 6, the Weir-Pittsburg coal is only seven inches 
thick. Here the "Cainsville" coal lies 50.5 feet below the base of the 
Weir-Pittsburg coal. Eight miles to the northwest of drill hole 6, in 
drill hole 11, the Weir-Pittsburg coal is only five inches thick and 
the "Cainsville" coal lies 80 feet below its base. 
All Krebs formations except the basal Warner are present in drill 
hole 6. A total of 46.1 feet of shale, 6.1 feet of sandstone, 3.7 feet 
of clay, 3.2 feet of coal , 1.2 feet of siltstone, and 0.4 foot of lime-
stone are present. The Seville Formation marks the uppermost boundary 
of the subgroup in this drill hole. The Seville Formation is also 
present in drill hole 7 but is much less fossiliferous and much more 
argillaceous than it is seven miles to the northwest at the Goshen hole 
(drill hole 6). Drill holes 8, 9, and 11 are further from the center of 
the Princeton-Cainsville Basin and the formational divisions of the 
Krebs Subgroup cannot be differentiated. 
In southwestern Macon County in drill hole 1 the Krebs Subgroup is 
completely absent. The base of the Weir Formation of the Cabaniss Sub-
group is marked by an unconformity and is directly underlain by the 
Meramecian Series of the Mississippian System. 
Cabaniss Subgroup 
The Cabaniss Subgroup (Oakes, 1953) includes the succession of strata 
between the top of the Krebs Subgroup and the base of the Marmaton Group. 
The type area of the Cabaniss Subgroup in eastern Oklahoma is, like the 
Krebs Subgroup, a basinal facies. It is thousands of feet thick. This 
results in considerable difference lithologically between the type 
locality and the Cabaniss shelf facies present in Missouri. The only 
complete sections of the Cabaniss Subgroup are in drill holes 6, 7, 8, 
and 9. Here the subgroup averages 211 feet in thickness. 
The best section of the Cabaniss Subgroup occurs in drill hole 6 
where it consists of 124.8 feet of shale, 35.6 feet of siltstone, 23.9 
feet of clay, 10.0 feet of coal, 8.9 feet of sandstone, and 4.4 feet of 
limestone. The thickness of the Cabaniss Subgroup appears to increase 
generally to the northwest, although the Cabaniss of drill hole 9 is 
thickest. At the latter drill hole there is approximately twice as much 
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clay , si l tstone and sandstone as there is i n drill hole 6 to the west. 
Drill hole 6, however, has about four times as much limestone and about 
twice as much coal as drill hole 9. In both drill holes the Bevier coal 
is the thic kest Cabaniss coal. In drill hole 9 it is only 16 inches 
thick at a depth of 319.5 feet whereas in drill hole 6 it is 26 inches 
thick at a depth of 459.8 feet. 
The Cabaniss Subgroup contains most of the important coal beds in 
the state including the Weir-Pittsburg, Tebo, Mineral, Robinson Branch, 
Fleming , Croweburg, Wheeler, Bevier, and Mulky coals. A suggested 
correlation of these coals in north- central Missouri is shown in Figures 
8, 9, 10 , and 11. 
The Weir-Pittsburg coal, the oldest of the Cabaniss coals, occurs 
at the top of Weir Formation. In north-central Missouri, the local 
"Eureka" coal has been correlated by Searight (1949) with the Weir-
Pittsburg. The "Eureka" coal is an important reserve in southern Linn, 
Macon , and Chariton Counties where it attains a thickness of up to 60 
inches (Robertson, 1971). 
The Weir-Pi t tsburg coal is very thin in every drill hole described 
in this report. In drill hole 2, the coal is only 14 inches thick and 
is split by a 1.9 foot shale parting. The coal alone contains 25.7 
percent ash and 14.4 percent sulfur. The irregular thickness and 
composition of this coal has ma de mining of it very difficult. 
The Tebo coal forms th e top of the Te bo Formation. The coal was 
named from e x posures along Te bo Cree k in Henry County ) Missouri (Marbut, 
1898). In t e rms of production, it is the most important coal in western 
Missouri, y e t , it app e ars to be v ery thin and irregular in north- central 
Missouri. Of the fourteen holes dr illed, only two contain over 12 inches 
of Tebo coal. Drill hole 8 has 17 inches of Tebo coal overlain by 1.1 
feet of grayish black shale containing limestone nodules, and 2.2 f ee t of 
interbedded limestone and shale. This upper unit is the Tiawah Lime stone 
Member of th e Scammon Formation. The coal has 4.6 feet of underclay. 
Drill hole 11 cut 20 inche s of Tebo coal. Here the coal is directly 
ove rlain by about 10 inc h e s of very fossiliferous , shaly limestone, and 
3.5 feet of grayish-black to black calcareous shale. Below the coal is 
5.8 feet of underclay. Coal in Linn and Macon Counties which Hinds (1912) 
called Tebo is actually Croweburg coal (Searight, 1967). 
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Stratigraphic correlation of the Croweburg and Verdigris Formations 
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The Scammon Formation is directly above the Tebo Formation. The 
Scammon is composed, in order of decreasing abundance, of shale, silt-
stone, sandstone, clay, limestone, and coal. No commercial coal bed is 
present in the Scammon Formation in north-central Missouri. Of the 
thin beds cut , only drill holes 7 and 13 contain any coal in the forma-
tion. Drill hole 7 contains only 6 inches and drill hole 13 only 2.4 
inches of coal. 
The Mineral coal marks the top of the Mineral Formation. The coal 
reaches a thickness of 23 inches near Cainsville in Harrison County in 
drill hole 11 , and is overlain by 4.6 feet of thin-bedded shale and 1.6 
feet of shaly limestone. Below the coal at this site is 1. 7 feet of 
underclay. At other locations in north-central Missouri the Mineral coal 
varies from 17 inches to less than a foot in thic kness and is always 
overlain by shale. 
The top of the Robinson Branch Formation in north-central Missouri, 
where distinguishable from the overlying Fleming Formation, is marked 
by a thin coal streak. Drill holes 4, 5, 7, and 9 were the only holes 
in which the formation was differentiated. In drill hole 4, the forma-
tion, as correlated, is the oldest formation recovered. It consists 
from the base upward, of 1.9 feet of clay, 0.7 foot of limestone, and 
2.4 feet of clay with a thin coal streak at the top. Fifteen miles to 
the southwe s t i n drill hole 5, the Robinson Branch Formation, as corre-
lated , consists of only 2.9 feet of clay with a thin coal streak at the 
top. In drill hole 7, about 22 miles to the northwest of drill hole 5, 
the formation consists of 3. 0 fe et of dark gray shale containing bitu-
minous material and limestone lenses and nodules. Six miles to the 
northeast of drill hole 7 , in drill hole 9, the formation consists of 
19 feet of shale, siltstone and clay with a thin coal streak at the top. 
The Fleming Formation overlie s the Robinson Branch Formation. The 
Fleming coal is at the top of th e formation. In the Princeton-Cainsville 
Basin the Fle ming coal appears to be thickest near Goshen, Missouri in 
drill hole 6 where it is 19 inches and is overlain by 12.9 feet of 
laminated shale. The coal thins to the northwest and southeast. About 
10 miles east of Goshen at drill hole 9, it is completely absent. 
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The Croweburg coal of the Croweburg Formation is a thin but very 
persistent coal bed. Greene (1914) called the Croweburg coal of northern 
Missouri the Lower Ardmore because of its position below the Ardmore 
Limestone Member of the Verdigris Formation. 
The Croweburg coal was mined in the past in Chariton, Linn and 
Grundy Counties in north-central Missouri. In western Macon County i n 
drill holes 1 and 13 the coal is very thin and shaly. It is completely 
abse n t to the west in central Linn County in drill hole 3. To the south 
and northwest of this hole, however, the coal is of economic importance. 
In southern Linn County (Fig. 12) the Croweburg coal is up to 3 feet 
thick and has been extensively mined. It occurs at a depth of from 25 
to over 200 feet (Robertson, 1971). In northern Chariton County in drill 
hole 2 the coal is 22 inches thick. In Sullivan County the coal averages 
18 inches in thickness in drill holes 4, 5, and 14. In Mercer County, 
the Croweburg coal is thickest near Mill Grove in drill hole 7 where it 
is over 25 inches thick at a depth of 283.2 feet. The coal appears to 
thin rapidly to the east and west. Six miles east in drill hole 9 it 
is only 12 inches thick. Seven miles west in drill hole 6 it is 13 inches 
thick. The coal thins further west, declining to 11 inches in drill hole 
8 and 4 inches in drill hole 11. 
The Wheeler c oal is at t he top of the Verdigris Formation. This 
coal and the Bevier coal of the overlying Bevier Formation are the two 
most important coals known in north-central Missouri. They are mined in 
parts of the Be vier Field which e x t e nds from southern Putnam County 
southward through Adair, Ma c on, and Randolph Counties and northeastern 
Chariton Counties. Robertson (1971) estimates the field contains about 
2 billion tons of greater than 42 inch coal still in the ground. Figure 
13 shows the distribution of these two coals in north-central Missouri. 
In the Bevier Field, the Bevier and Wheeler coals are split by a 
sandy clay interval u sually l e ss than 10 inches in thickness. It is 
therefore possibl e for th e two coals to be mined together. This parting 
thickens to the west. It is 2 feet thic k in drill hole 14 in eastern 
Sullivan County, but reaches a thickness of 24.2 feet 48 miles west in 
drill hole 8 in Harrison County. In northeastern Sullivan County in 
drill hole 4 over half of the 14.1 foot interval between the Wheeler and 
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Bev i e r coals consists of fine-grained sandstone. To the west the 
interval becomes more shaly. In drill hole 14 the Wheeler coal is 16 
inches thick and the Bevier coal is 37 inches thick. The Lagonda 
Formation overlies the Bevier coal and usually consists of a thick 
layer of shale at its base. 
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No economically important Cherokee coals are known above the Bevie r 
coal in the area of this report. The younger Mulky coal is important 
to the south in Audrain, Montgomery, and Ralls Counties where it averages 
over two feet thick. In most of north-central Missouri, however, the 
Mulky coal is very thin. In parts o£ Macon and Randolph Counties it is 
sometimes stripped in tandem with the Bevier c oal (Robertson, 1971). 
Marmaton Group 
The type area of the Marmaton Group is along the Marmaton River in 
Bourbon County, Kansas where the formations have a combined average 
thickness of a b o u t 250 feet. The group is dominantly shale, limestone, 
and sandstone with minor amounts of coal. Moore (1932) places the lower 
boundary of the Marmaton at the base of the Blackjack Creek Formation 
and at the disconformity at the b ase of the Pleasanton Group. Jewett 
(1941) worked on the subdivision of the Marmaton and correlated the 
Marmaton formations of Kansas with equivalent units in Missouri. The 
units of the Marmaton Group arc shown in Figure 7. 
Other investigations of the Marmaton wer e mad e by Cline (1941), 
Cline and Greene (19 50), Howe (1953) , and Jeffries (1958). Cline proposed 
names for limestones of the Marmaton Group including th e Blackjack Creek, 
Hou x and Higginsville. The Little Osage and Anna are names proposed by 
Jewett. Later the Marmaton Group was divided into the Fort Scott and 
Appanoose Subgroups by S e aright and Howe (1961). In addition to the 
above workers, T.K. Searight (1959) and Gentile (196 5 ) added detailed 
descriptions of the Marmato n Group in Missouri in their dissertations. 
For this reason, numer ous details o n the formations of th e Marmaton Group 
are not included. A correlation of the Marmaton formations in drill holes 
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The Lexington coal is the only important Marmaton coal in north-
central Missouri. It occurs at the top of the Labette Formation. This 
coal is reported by Robertson (1971) to have the lowest average sulfur 
content, 3-4 percent, of the Missouri coals. Only drill hole 9 showed 
a mineable thickness of Lexington coal. This was in Mercer County and 
the coal was 26 inches thick. A 2.9 foot thick limestone caprock of the 
Myrick Station Limestone Member of the Pawnee Formation is separated 
from the coal by about 5 inches of the grayish black Anna Shale Member 
of the Pawnee Formation. The coal is underlain by 3.9 feet of underclay, 
and this by 3.9 feet of shaly limestone of the Higginsville Formation. 
Six miles southwest of drill hole 9 in drill hole 7 the Lexington 
coal is only 11 inches thick but is underlain by 4.3 feet of dark gray 
shale containing thin coal streaks. This shale is underlain by 11 feet 
of underclay and below it 1.5 feet of the argillaceous Higginsville 
limestone which is split by a 6-inch clay band. The coal is overlain by 
10.3 feet of fossiliferous laminated shale. 
At Goshen, Missouri in drill hole 6, the Anna Shale Member appears 
to be absent and the Lexington coal is directly overlain by an 8.4 inch 
thick fossiliferous limestone which is overlain by 1.1 feet of calcareous 
shale. The coal is 18 inches thick, but contains much fusain and is split 
by a 3.6 inch thick clay parting. The coal is underlain by 3.9 feet of 
underclay which is underlain by a 5.1 fo o t thick Higginsville limestone 
containing fusulinids. 
The above description is not a compl e te picture of the Lexington 
coal in north-central Missouri. At many of the drill h ole sites the 
Lexington coal was probably eroded away by preglacial dra inage channels 
which wer e later filled with Pleistocene sediments. Thicknesses of the 
Lexington c oal in other drill holes and mine shafts in north-central 
Missouri are shown in Figure 15. In eastern Putnam County the coal varies 
from 26 to 42 inches in thickness and is just a few feet above the top 
of the 4.3 foot limestone of the Higginsville Formation which is quarried 
in tandem with the coal. About 20 inches of clay and shale directly 
overlies the coal and these are overlain by two to three feet of Myrick 
Station limestone. This limestone caprock made an excellent roof when 
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Distribution of the Lexington coal in north-central Missouri (modified 
after Robertson, 1971). 
SAMPLE PREPARATION 
The coals recovered from the fourteen drill holes of NX diamond 
drill core (2" diameter) were sealed in plastic covers at the drill 
site to insure against moisture loss and help prevent weathering and 
oxidation. In the laboratory, the coal was measured for thickness 
and megascopic characteristics such as pyrite bands and other 
distinguishing features recorded. 
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The coal core was split to give two representative vertical 
sections. One split was saved for later megascopic description. The 
other half of the coal core was split again. One of the quarters of 
the core was saved for microscopic and trace element analysis. The 
other quarter was sent to the United States Bureau of Mines for proximate 
and ultimate analyses, BTU, sulfur content, ash fusion, and free-swelling 
indexes. 
The half of the core saved for megascopic study was sealed in 
carnauba wax. Broken core was held together with cheese cloth and 
string before being immersed for about thirty minutes in hot wax. For 
this immersion, a metal basket approximately 12" x 18" in size was 
constructed with a perforated screen bottom. The half core, in strati-
graphic sequence, was placed with the flat side face down and lowered 
into a pan containing the melted wax. The melted wax filled the cracks 
and helped keep the core intact for the handling required in polishing 
the fragile coal. 
After the wax had cooled and hardened, a #100 grit silicon carbide 
belt sander was used to remove excess wax from the flat surface to be 
polished. Successively finer grades of belts were used, ending with a 
#600 grit (15 micron) size. The core was then polished with a 0.3 
micron polishing alumina suspension in distilled water on a medium nap 
(AB selvyt) cotton cloth using a rotating lap. After grinding and 
polishing, the half section of core was set aside for future megascopic 
study. 
The quarter core that had been saved for microscopic and trace 
element analysis was first crushed in a laboratory jaw crusher to a 
minus 1/8'' particle size. The crushed sample was then passed through 
a Jones splitter and approximately 500 grams retained. This split was 
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pulverized to pass through a Tyler 30-mesh sieve. The screened sample 
was further split until about 50 grams remained. This was then split 
into thirds for petrographic study, trace element study, and a refer-
ence sample. 
The petrographic sample was combined with a liquid plastic binder 
of polyester resin and a hardener of methyl ethyl ketone peroxide in 
dimethyl phthalate. The mixture was poured into a lt" cylindrical 
mold and compressed under 9000 psi for 24 hours at room temperature in 
a Buehler hydraulic press. 
The flat surface of the cylindrical sample was ground and polished. 
A belt sander was used to round the top edge of the section to prevent 
later lap cloth tearing. Grinding was accomplished on a low speed 
rotating lap covered with two successively finer grades of silicon 
carbide papers. The surfaces of the samples were ground for about 20 
minutes using an automatic polishing machine treating six sections at 
the same time using a #240 grit (45 micron) silicon carbide disc and an 
adequate flow of water to remove abraded products. The lap with the 
#240 grit paper was removed and replaced with a #600 grit (15 micron) 
silicon carbide disc. The same procedure was followed. After each 
sequence, great care was taken to wash the sample and lap thoroughly 
with distilled water. 
Because a much greater amount of polish is required for high power 
microscopy than for megascopic study, two additional grinding stages 
were carried out by hand. First, a medium fine (800 mesh) grinding 
compound was used on a glass plate. This was followed with a fine 
(1200 mesh) grinding compound. Surfaces entirely free of scratches 
were very difficult to obtain for those samples containing a relatively 
large amount of disseminated pyrite. 
Final polishing was accomplished using 0.3 micron polishing alumina 
suspended in distilled water on the medium nap cotton cloth. The sample 
was rotated lightly on the polishing lap for only a few seconds because 
excess pressure or prolonged polishing produced great relief between 
the soft coal and the much harder pyrite. 
Seven of the samples saved for trace element study were selected 
and split. Half of the sample was sent to the United States Bureau of 
Mines for analysis by spark source mass spectrometry. The other half 
of the sample as well as a split from the other 36 coal samples were 
each ground to 60 mesh and then reduced to a one gram representative 
sample. They were then ashed in a muffle furnace at 750° C to be 
later analyzed on the Missouri Geological Survey 3-meter, d.c. arc 
emission grating spectrograph manufactured by Baird Associates. 
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PETROGRAPHIC ANALYSIS OF THE COALS 
Classification and Method £i Analysis 
Coal is not homogeneous, but is composed of various macerals 
which vary greatly in physical and chemical properties. Quantitative 
determination of these macerals is an important phase of coal petro-
graphy. This maceral composition of coal may vary not only between 
coal beds, but also between bands and even within a particular band 
of a coal bed. 
Macerals occur in coal in an extremely fine mixture. To free 
them the coal must usually be crushed to a size of approximately 25 
microns. In coarser particle sizes the macerals form groups or 
assemblages known as microlithotypes. The percentages of macerals 
making up various microlithotypes is shown in Table 8. 
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Microlithotypes that are hi-maceral or tri-maceral have greater 
physical strength than mono-maceral microlithotypes. This is important 
when considering coal preparation techniques. In addition, other 
properties of individual macerals may be affected by their association 
with other macerals. 
In this study, the maceral groups of vitrinite, exinite, and 
inertinite were counted in polished particulate samples of the coals 
recovered from the exploration drilling. The maceral group of vitrinite 
includes the macerals collinite and telinite. The exinite group contains 
the macerals of sporinite, cutinite, alginite and resinite. The maceral 
group of inertinite includes the macerals of micrinite, fusinite, semi-
fusinite and sclerotinite. A description of the appearance of these 
macerals in reflected light is given in Table 9. Mineral inclusions were 
also counted. A summary of the principal mineral inclusions in c oal is 
given in Table 10. 
Maceral analyses were c arried out using the point count method 
described in the International Handbook of Coal Petrograp~ (1963). A 
Swift automatic point counter attached to an Olympus PMS-11 photomicro-
graph system (Fig. 16) was used. The polished surface of the coal was 
viewed through a lOX ocular with cross hairs and the maceral or mineral 
lying under the cross hairs was determined each time the stage moved 
Table 8 
Maceral Composition of Microlithotypes 










Proportions of Constituent Macerals 
> 95% vitrinite. 
> 95% exinite. 
> 95% inertinite (except micrinite). 
> 95% vitrinite and exinite. 
> 95% inertinite and exinite. 
> 95% vitrinite and inertinite. 
Vitrinite, exinite and inertinite must each 
exceed 5%; proportion of vitrinite must 
exceed that of inertinite. 
Vitrinite, exinite and inertinite must each 
exceed 5%; proportion of inertinite must 








Description of Macerals in Reflected Light 












Appearance in Reflected Light 
Groundmass for other macerals; often cell filling of telinite; 
no visible structure; grey to yellowish-white. 
Occurs with collinite in discrete bands; shows cell structure; 
grey to yellowish-white. 
Elongate discrete bodies; dark grey to light grey. 
Narrow bands, one edge of which is often serrate; dark grey 
to light grey. 
Derived from algae; weaker reflectivity than associated 
vitrinite and sporinite. 
Discrete small bodies, round, oval or rod-shaped; black to grey. 
Variable form, finely to coarsely granular; light to white. 
Discrete lenses, bands and fragments; good cellular structure; 
yellowish-white. 
Intermediate between vitrinite and fusinite; cell structure 
not as well defined as fusinite; light grey to white. 





Principal Mineral Inclusions in Coal 













etc ... ) 
}:-JTDlATELY l!"TERGRO\V.:"J WITH TilE COAL 
Deposited by water 
or windblown 
Originally formed 
in the peat 
Depositt-d m 
I cleats and other 
--~--1' Illite, sericite, kaolinite, leverrierite, 
montmorillonite, etc ... 
I fissures (coarsely intergrown) 
Granular quartz. 
Calcite. 
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dolomite, (ankerite), 
and calcite. 
Fe C03 and Ca C03 1n 
fusite. 
I Ankerite. 
Accretions of Fe :3 2• 
Accretions 
I Pyrites 
of FeS2-CuFeS 2-ZnS 











Chalcedony and I 
quartz }•roduced by 
decomp o sition of 
aluminium silicates. 





Swift Automatic Point Counter attached to the 
Olympus PMS-II Photomicrographic System. 
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0.3 of a millimeter. A 25X oil immersion objective was used giving a 
total magnification of 250X. A total of 1000 points was counted on 
each polished sample. 
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The number of points of each maceral group or mineral counted was 
converted to proportions by volume and e x pressed to the near e st tenth 
of a percent. Void spaces, which average 16.6 percent overall, we re 
not calculated in the percentages. The percentage of various mac e ral 
groups or minerals counted on the surface area of the sample is consid-
ered equivalent to the percentage of macerals represented in the volume 
of the sample. As noted earlier, the sample was put under pressure to 
avoid segregation of the macerals and maceral groups. Accord ing t o t h e 
International Handbook of Coal Petrogr~ (1963) the accuracy of a n a lysis 
using this method and counting 1000 points is about + 2-3 pe rc e nt fo r 
each maceral group. It would be necessary to count at l e ast 3000 points 
to increase the accuracy to ± l percent. 
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Results of Petrographic Analysis 
Results obtained from the point count of the polished sections 
from each of the coals sampled in the drill cores are shown in Table 11. 
The range and average percent composition of the maceral groups and 
mineral matter by coal bed is given in Table 12. As mentioned earlier, 
each section is a representative sample of the entire coal. Examples 
of the maceral groups and mineral inclt•sions observed in these polished 
sections are illustrated with photomicrographs in Figures 17 through 34. 
Vitrinite has an arithmetic mean of 80.1 percent and was found to 
be the major maceral group present in the coals. It most commonly occurs 
as massive and uniform particles having a reflectance between the lower 
reflecting exinite and the higher reflecting inertinite. Vitrinite 
ranges from a low of 54.9 percent in the "Cainsville" coal, sample 39, 
to a high of 89.2 percent in the Croweburg coal, sample 11. The Cains-
ville sample, however, is very high in ash, containing 50.5 percent on 
the as received basis (with all moisture and ash retained). Vitrinite 
is highest, with an arithmetic mean of 83.5 percent based on 4 samples, 
in the "Princeton" coal. It is lowest, with an arithmetic mean of 71.1 
percent based on only one sample, in the Weir-Pittsburg coal. The 
vitrinite content of the coals increases irregularly to the west in the 
sampled area (Figure 35). The major discrepancies in vitrinite content 
appear to be in the higher ash coals. 
Inertinite is next greatest in abundance of the maceral groups. 
Micrinite, fusinite, and semi-fusinite are the major macerals making up 
the inertinite group. Micrinite occurs as a massive, structureless 
form having a reflectance between vitrinite and fusinite. Fusinite 
always shows a characteristic cell structure which is sometimes broken 
(Figures 17, 18, 19, and 30). Semi-fusinite is a transitional component 
between vitrinite and fusinite and very similar in structure to fusinite 
but with a lower reflectance (Figures 21, 22, and 28). Fusinite some-
times grades into vitrinite (Figure 19). The inertinite group has an 
arithmetic mean of 4.9 percent with a range from 2.1 percent in the 
"Cainsville" coal, sample 39, to 9.1 percent in the Croweburg coal, 
sample 21. The Lexington coal is highest in inertinite with 6.7 percent, 
but this is based on only one sample. The Tebo coal is lowest in 
inertinite and averages 3.4 percent based on two samples. 


























Quantitative Microscopic Analysis of the Coals 
from North-Central Missouri 
Percent Composition of Maceral Groups and Mineral Matter 
Sample No. Vitrinite Inertinite Exinite Mineral Matter 
1 82.6 6.0 3.3 8.1 
2 79.9 5.6 3.1 11.4 
3 71.1 6.6 3.2 19.1 
4 70.7 5.7 3.3 20.3 
5 81.8 5.0 3.1 10.1 
6 80.1 4.4 1.6 13.9 
7 80.0 4.5 1.9 13.6 
8 87.1 4.2 0.9 7.8 
9 81.6 7.5 3.6 7.3 
10 75.2 4.4 2.8 17.6 
11 89.2 5.0 0.6 5.2 
12 82.8 5.7 3.8 7. 7 
13 73.6 4.3 2.2 19.9 
14 78. 7 4.1 2.1 15.1 
15 86.7 4.4 0.6 8.3 
16 82.1 5.5 3.1 9.3 
17 79.7 3.1 3.1 14.1 
18 82.1 5.5 3.2 9.2 
20 82.6 5.9 3.6 7.9 
21 81. L~ 9.1 1.3 8.2 
22 82.4 5.0 3.2 9.4 
23 83.1 3.9 1.9 11. 1 
24 82.8 7.2 2.3 7. 7 
25 81.4 5.7 2.2 10.7 Vl 0\ 
Table 11 (cont.) 
Percent Composition of Maceral Groups and Mineral Matter 
Co aU• Hole No. Sample No. Vitrinite Inertinite Exinite Mineral Matter 
Bev 8 26 81.6 5.7 2.1 10.6 
Wh 8 27 74.1 5.5 3.3 17.1 
Fl 8 28 81.1 3.0 0.2 15.7 
Tb 8 29 82.2 2.9 1.8 13.1 
Lex 9 30 82.7 6.7 4.9 5.7 
Bev 9 31 81.2 4.9 4.8 9.1 
Crbg 9 32 82.9 3.3 3.7 10.1 
Mn 9 33 81.3 5.5 3.3 9.9 
Un 9 34 81.9 2.4 0.6 15.1 
Wh 11 35 79.9 5.0 2.9 12.2 
Fl 11 36 81.3 6.4 3.6 8.7 
Mn 11 37 68.7 3.9 0.8 26.6 
Tb 11 38 82.9 3.9 3.5 9.7 
Ca 11 39 54.9 2.1 0.9 42.1 
Pr 11 40 82.2 5.3 3.2 9.3 
Bev 12 41 82.3 2.7 1.1 13.9 
Bev 14 42 81.2 3.5 1.2 14.1 
Wh 14 43 81.6 4.7 2. 5 11.2 
Crbg 14 44 81.8 4.5 2.4 11.3 
Averages 80.1 4.9 2.5 12.5 
*Lex - Lexington Fl - Fleming Ca - "Cainsville" (Rowe) 
Bev - Bevier Mn - Mineral Pr - 11 Princeton" (Riverton) 
Wh - Wheeler Tb - Tebo SPl - "Sub-Princeton-1" (Riverton) 
Crbg - Croweburg Wp - Weir Pittsburg SP2 - "Sub-Princeton-2 11 (Riverton) 




Range and Ave rage Percent Composition of the Ma ce ral Groups 
and Mineral Matter by Coal Bed 
(Number of samples in parentheses) 
Range and Average Percent Composition of Maceral Groups and Mineral Matter 
Vitrinite Inertinite Exinite Mineral Matter 
Range Average Range Average Range Average Range Average 
Lexington (1) 
---------
82.7 ------- 6.7 ------- 4.9 -------- 5. 7 
Bevier (7) 70.7-82.3 79.8 2.7-7.5 4.9 1.1-4.8 2.6 7.3-20.3 12.7 
Wheeler (7) 74.1-82.6 79.7 4.4-6.0 5.2 2.5-3.6 3.1 7.9-17.6 12.0 
Croweburg (7) 79.9-89.2 83.2 3.3-9.1 5.2 0.6-3. 7 1.9 5.2-13.9 9. 7 
Fleming (3) 81.1-82.8 81.8 3.0-6.4 5.0 0.2-3.8 2.5 7.7-15.7 10.7 
Mineral (3) 68.7-81.3 74.5 3.9-5.5 4.6 0.8-3.3 2.1 9.9-26.6 18.8 
Tebo (2) 82.2-82.9 82.6 2.9-3.9 3.4 1.8-3.5 2.6 9. 7-13.1 11.4 
Weir Pittsburg (1) 
---------
71. l ------- 6.6 ------- 3.2 -------- 19.1 
"Cainsville" (3) 54.9-82.4 72.0 2.1-5.0 3. 7 0.9-3.2 2.1 9.4-42.1 22.2 
"Princeton" (4) 82.1-86.7 83.5 3.9-5.5 4.8 0.6-3.2 2.2 8.3-11.1 9.5 
"Sub-Princeton-1" (2) 79.7-82.8 81.3 3.1-7.2 5. 1 2.3-3.1 2. 7 7. 7-14.1 10.9 




8l. 9 ------- 2.4 ------- 0.6 -------- 15. l 
Figure 17 
Discrete fragment of fusinite (inertinite), 
from Croweburg coal sample 32 (X250). 
Figure 18 
Fusinite (inertinite) illustrating its characteristic 
well defined cellular structure, from Bevier coal 
sample 9 (XlOOO). 
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Figure 19 
Fusinite (inertinite) grading into vitrinite, 
from Croweburg coal sample 11 (X250). 
Figur e 20 
Re sin rodl e t ( ex inite ), f rom Croweburg coal 
sampl e 8 (X600). 
6J 
Figure 21 
Bi-maceral semifusinite (inertinite) and vitrinite, 
from "Princeton" coal sample 40 (X250). Note 
pyrite filling cell cavities in upper left corner. 
Figure 22 
Semifusinite (inertinite) with some disseminated pyrite, 
from Bevier coal sample 9 (X500). 
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Figure 23 
Pyrite filling the cells of fusinite (inertinite), 
from Croweburg coal sample 6 (XlOOO). 
Figure 24 
Fusinite (inertinite), in which the cells are 
relatively free of pyrite, from Wheeler coal 
sample 20 (XlOOO). 
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Figure 25 
Pyritized plant debris, from Bevier coal sample 4 
(X250). Note transverse section. 
Figure 26 
Broken cells of inertinite with disseminated pyrite, 
from Wheeler coal sample 35 (XlOOO). 
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Figure 27 
Pyrite replacement in cell cavities, 
from Tebo coal sample 29 (X750). 
Figure 28 
Sernifusinite (inertinite), from 
Wheeler coal sample 20 (X250). 
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Figure 29 
Telinite (vitrinite) containing disseminated pyrite, 
from Bevier coal sample 26 (X400). 
Figure 30 
Fusinite (inertinite) showing broken cell 
structure (Bogen-struc ture), from Crowe-
burg coal sam?le 21 (XlOOO). 
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Figure 31 
Pyritized plant cells, from Bevier coal 
sample 42 (X250). 
Figure 32 
Polished column sample showing variation in size of 




Vitrinite containing plant cuticles (exinite), 
from Bevier coal sample 31 (X250). 
Figure 34 
Cuticles (exinite) in vitrinite, from 
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Figure 35 
Vitrinite content of the Bevier, Wheeler and Croweburg coals 
in north-central Missouri. 
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Exinite is the least abundant of the maceral groups. It has the 
lowest reflectance and consists of plant spores, resin rodlets, and 
cuticles with similar characteristic properties (Table 9). Exinite has 
an arithmetic mean of 2.5 percent and ranges from a low of 0.2 percent 
in the Fleming coal, sample 28, to a high of 4.9 percent in the Lexing-
ton coal, sample 30. 
Mineral matter is second highest in overall composition of the coal. 
It consists mostly of pyrite, clay minerals, and calcite with lesser 
amounts of siderite and quartz. It ranges from 5.2 percent in the 
Croweburg coal, sample 11, to a high of 42.1 percent in the "Cainsville" 
coal, sample 39. The arithmetic mean of the mineral matter for all the 
coals analyzed is 12.5 percent. 
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Commercial Applications ~ Coal Petrography 
Practical applications of coal petrography extend from the explor-
ation of coal mine lands to the final preparation and utilization of 
the coal. Geologically, petrographic studies of coal can aid in under-
standing the origin and history of the coal seam and the related strati-
graphy. These scientific studies help in reconstructing the environ-
ment, geography, and vegetation present at the time of deposition of 
the coal. 
A systematic petrographic study of coals can aid in the correlation 
of coal beds and thus in the calculation of reserves and the planning 
of a mining program. Such a study can be accomplished with coal recov-
ered from a standard drill core since the amount of coal requir e d for 
petrographic analysis is small. Correlation based on petrography has 
been demonstrated over distances of several miles by Hacquebard as 
described by Neavel (1961). Hacquebard studied two column samples of 
coal microscopically and divided them into distinctive petrographic 
intervals. In comparing the two columns he found they were very similar 
and thus substantiated a correlation previously made only on stratigraphic 
evidence. 
In industry, coal petrography aids in determining the cost of 
retrieving the coal. The ease of mining the coal is affected by the 
lithotype composition of the coals. Different combinations of litho-
types offer different resistances to cutting. According to McCabe (1942) 
durain requires 2.5 times as much energy to break as clarain and 7.5 
times more energy to break than fusain. Research at the U.S. Steel 
Corporation has shown it requires 40 percent more electric power to run 
a continuous miner in a durain portion of a coal seam than in a much 
more friable clarain portion (Leonard and Mitchell, 1968). Most of the 
coal in the north-central Missouri area is composed mainly of finely 
laminated clarain. Durain is relatively rare. 
If the coal is to be mined underground, a study of the coal's 
organic and inorganic composition may help in predicting and correcting 
many health and safety problems associated with underground coal mining. 
If the coal is high in fusain, for instance, serious dust problems may 
result, increasing the likelihood of miners developing respiratory 
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1ilments. Fusain is a minor lithotype in Missouri coals. 
In regard to coal preparation, it is important to know the 
)hysical properties of the coal macerals and what kind, how much, and 
Ln what way mineral matter occurs in coal. Since the lithotypes as 
Yell as the mineral matter in coal have different specific gravities 
1nd characteristic associations, they will be affected differently in 
the cleaning and preparation of the coal. As has been shown in 
Lllustrations, mineral inclusions may be intimately intermixed with 
:he coal by filling or replacing cells (Figures 23, 27, and 31) or may 
Je deposited in large cleats or fractures. As an aid to coal utiliza-
:ion, petrography can also help in predicting coking quality and the 
nost advantageous way of blending coals. 
Finally, since pyrite and marcasite removal is important in dealing 
Nith the problem of air pollution, petrography can be of help in 
=nvironmental control by showing the distribution and characteristics 
that these sulfide minerals have in coal. Pyrite occurs in the coals 
Jf north-central Missouri (in order of decreasing importance) as: 
(a) megascopic nodules, bands, or lenses, (b) as finely disseminated 
nicroscopic particles in the macerals, and (c) as micro to megascopic 
:rystals in veins, cleats, and joints. 
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CHEMICAL ANALYSIS OF THE COALS 
Proximate and Ultimate Analysis 
Proximate and ultimate chemical analyses as well as the sulfur 
forms and BTU content for the 43 samples of coal studied in this report 
~re shown in Table 13. Sample 19 was not analyzed because it was less 
than 12 inches thick. 
The average BTU content of the coal as received (with all the 
noisture and ash retained) for 41 samples is 10,463. This average is 
Neighted based on the thickness of the coals and differs only slightly 
from the arithmetic mean heating value of 10,447 BTU. The "Princeton" 
:oal with an arithmetic mean of 11,195 BTU has the highest average 
~eating value of any of the coals. Samples 37 and 39 were deleted from 
these and the following averages because of their unusually high ash 
:ontent of 29.9 and 50.5 percent respectively. 
Sulfur content for the various coals is relatively high with an 
~rithmetic mean of 4.7 percent on the as received basis. The weighted 
~verage sulfur content based on thickness of the coal is 4.94 percent 
~s received of which 3.37 percent is pyritic, 1.53 percent is organic, 
~nd 0.04 percent is sulfate. These averages include sample 3 (Weir-
Pittsburg coal) which has an unusually high sulfur content of 14.4 
Jercent. This coal contains a 16 millimeter thick marcasite band at 
the top of the bed and is directly overlain by sandstone. The marcasite 
band was not removed before the coal was analyzed. Although this coal 
~as the highest total sulfur content, it has the lowest organic sulfur 
:ontent, containing 0.10 percent as received. The Fleming coal, with 
3.0 percent total sulfur, has the lowest average sulfur content of the 
:oals sampled. 
Most of the sulfur in the coals is present in the form of pyritic 
sulfur. Pyritic sulfur, as received, ranges from a low of 0.50 percent 
in the Wheeler coal, sample 20, to a high of 14.27 percent in the Weir-
Pittsburg coal, sample 3. The arithmetic mean percent pyritic sulfur, as 
~eceived, for all coals sampled is 3.26 percent. 
Organic sulfur for all coals has an arithmetic mean of 1.39 percent, 














Chemical Analyses and BTU Content of Coals from North-Central Missouri 
Sample Thickness 
No. (inches) 
1 24 .1 
2 21.6 
3 9 .6 





9 25 .5 
10 12.5 
I" 12.5 I 
Depth 




































• Lex · Lexington 
Bev · Bevier 
Wh · Wheeler 
Crbg · Croweburg 
Fl - Fleming 
Mn- Mineral 
Tb - Tebo 
Proximate Analysis I Ultimate Analysis Sulfur Forms 
Volatile Fixed 


































42.3 36 .5 9.4 
47.9 41 .4 10.7 
53 .7 46.3 --
37 .9 37 .7 11.0 
43.8 43.4 12.8 
50.2 49.8 --
29 .8 32 .9 25.7 
33.8 37 .1 29 .1 
47 .6 52.4 - -
29 .7 30.4 25.9 
34 .5 35.4 30.1 
49 .4 50.6 --
37 .9 36.5 11 .6 
44 .1 42.4 13.5 
50.9 49.1 --
35.9 37 .4 13.7 
41 .3 42 .9 15.8 
49 .0 51 .0 -- I 
34 .6 37.7 12.7 I 
40.7 44 .3 15.0 
47 .9 52.1 --
41 .8 40.7 6.5 
47 .0 45.7 7.3 
! 
50.6 49 .4 - -
36.6 38.6 8.6 
43.7 46.0 10.3 
48.8 51 .2 - -
34 .7 33 .5 20.0 
39.3 38.0 22.7 
50 .9 49.1 --
39.1 44 .1 3.6 
45 .0 50 .9 4.1 
47.0 53 .0 --
Wp · Weir Pittsburg 
Ca · " Cainsville" (Rowe) 


































SP1 - " Sub-Princeton-1 " (Riverton) 
SP2 - " Sub-Princeton-2" (Riverton) 
Un - Unnamed 
Carbon Nitrogen Oxygen Sulfur Sulfate Pyritic 
62.0 1.0 16.3 5.6 0.00 3.19 
70.3 1.1 6.6 6.3 0.01 3.61 
78 .7 1.2 7.4 7.1 0.01 4.04 
59 .2 1.0 16.8 6.5 0.02 5.49 
68.4 1.2 5.5 7.5 0.03 6.34 
78.4 1.4 6.3 8.6 0.03 7.27 
44 .1 0.8 10.7 14.4 0.02 14.27 
49.9 0.9 0.4 16.3 0.03 16.14 
70.4 1.3 0.5 22.9 0.04 22.76 
45.4 0.9 16.8 6.2 0.05 4.98 
52.8 1.1 5.0 7.2 O.Ofl 5.78 
75.5 1.5 7.3 10.3 I o.o9 8.27 
57.9 1.0 18.1 5.7 0.01 3.98 
67 .3 1.2 6 .6 6.6 0.01 4.62 
77.8 1.4 7.7 7.6 0.02 5.35 
55.6 0.9 17.0 7.5 0.37 5.00 
63.9 1.1 6.1 8.7 0.42 5.75 
75.9 1.3 7.3 10.3 0.50 6.83 
56 .7 1.0 19.5 4.5 0.02 3.25 
66 .8 1.2 7.1 5.3 0.03 3.82 
78.5 1.4 8.5 6.2 0.03 4.49 
65.9 1.1 17.4 3.2 0.01 0.80 
74 .0 1.3 8.6 3.6 0.01 0.90 
79.8 1.4 9.3 3.9 0.01 0.97 
59.1 1.2 21.1 4.0 0.01 2.81 
70.6 1.3 8.1 4.7 0.02 3.36 
78.7 1 6 8.8 5.3 0.02 3.75 
52.0 0.9 17.9 4.6 0.02 3.72 
58.9 1.0 8.4 5.2 0.02 4.22 
76 .3 1.3 10.8 6.7 0.03 5.45 
66.3 1.2 19.3 3.3 0.01 1.07 
76 .3 1.4 8.9 3.8 0.01 1.23 
79.6 1.4 9.2 4.0 0.01 1.28 
• • 1 - As received 
2 · Moisture free 









































































Table 13 (cont.) 
\ - L Proxim--;t~ Analysis T Ultimate Analysis Sulfur Forms 1 BTU 
Depth ) r I Volatile Fixed ! I 
(feet) \Conditions• • 1 Moisture Matter Carbon Ash l i Hydrogen Carbon Nitrogen Oxygen Sulfur Sulfate i Pyritic 
I I I I I i I 
Fl i 6 12 19.2 534.7~ 14 .3 39.9 38 .7 7.1 I 6.1 62.6 12 20.0 30 \ 0.00 1 121 1.83 11300 
I I 2 -- 46.6 45 .2 8.2 I 5.3 73.0 1.4 8.5 3.6 ' 0.00 1.42 2 14 13190 . 
Coai• J Hole / Sample 




Organic I lb. 
Mn / 6 I 13 
Ca /6 I 14 
Pr 16 I 15 
Pr 16 I 16 
SP1 16 I 17 
SP2 16 I 18 
Wh 17 I 20 
Crbg 17 I 21 
Ca 17 I 22 













I 3 -- 50 .8 49.2 -- 5.7 79 .6 1.5 9.3 3.9 0.00 ! 1 54 2.33 14370 I 
548.7 I 1 11.2 31 .4 31 .5 25.9 4.8 48 .0 0.9 16.3 4.1 0.01 : 2.37 1.75 8670 I 2 -- 35.4 35.4 29.2 4.o 54 .o 1.o 1.1 4 .1 o.o2 2.67 1.97 976o 
) 
3 -- 49 .9 50.1 -- 5.6 76 .2 1.4 10.2 6.6 0.02 3.77 2.79 13780 









2 -- 40.8 40.4 18.8 4.4 61 .9 1.1 I 4.0 9.8 0.02 8.56 1.20 11220 · 
3 -- 50.3 49 .7 -- 5.4 76.2 1.3 5.o 12.1 o.o3 . 10.55 1.48 13820 I 
1 14 .6 35 .6 I 42.4 7.4 6.0 62 .7 1.1 19.6 3.2 0.01 : 2.53 0.65 11270 I 




5.1 73 .5 1.3 7.7 3.7 0.01 I 2.95 0.76 13210 
3 -- 45.7 I 54.3 -- 5.6 80.5 1.5 8.3 4.1 0.01 ' 3.23 0.84 14470 
1 13.9 35.4 ll 40.2 10.5 5.7 60.7 1.1 17.5 4.5 0.00 i 3.42 1.09 10840 
2 -- 41 .1 46 .8 12.1 4.8 70.4 1.3 6.2 5.2 o.o1 I 3.97 1.21 12580 
3 - - 46.7 I 53 .3 - - 5.4 80.2 1.4 7.0 6.0 0.01 ! 4.52 1.44 14320 I 
1 15.9 31 .9 39 .8 12.4 5.8 57 .7 1.2 \ 20.5 2.4 0.10 1.41 0.88 10350 i 
2 -- 37.9 47.4 14.7 4.8 68.6 1.4 7.7 2.8 0.11 1.68 1.04 12310 
3 ! -- 44.5 55.5 -- 5.6 80.4 1.6 9.1 3.3 0.13 ' 1.97 122 14430 I 
1 · 130 37 .1 40.3 9.6 5.7 61 .8 1.1 16.2 5.6 0.01 5.02 0.62 11190 I 
2 -- 42.6 46 .4 11.0 4.9 71 .1 1.3 5.2 6.5 0.01 5. 77 0. 71 12850 
3 -- 47.9 52.1 -- 5.5 79.8 1.5 5.9 7.3 0.01 : 6.48 0.80 14440 
1 14 .9 39.4 39 .0 7.1 6.0 63 .0 1.2 20.3 2.4 0.01 0.50 1.86 1 1220 
2 -- 46.1 45 .6 8.3 5.1 73.7 1.4 8. 7 2.8 0.01 0.58 2.18 131 20 
3 -- 50.2 49.8 -- 5.6 80 3 1.5 9.6 3.0 0.01 0.64 2.37 14300 
1 18.1 35.0 38.1 8.8 6.1 58.3 1.1 22.8 2.9 0.00 1.34 1 56 10490 
2 -- 42.7 46.6 10.7 5.0 71 .2 1.3 8.3 3.5 ~ 0.00 1.63 1.91 12810 
3 -- 47.9 52 .1 -- 5.6 79.7 1.5 9.2 4.0 j 0.00 1.83 I 2 14 14340 
1 13.3 38.5 38.3 9.9 5.7 62 .0 1.2 17.6 3.6 : 0.00 2.53 i 1.05 11190 1: 
2 -- 44.4 44 .2 11 .4 4.9 71 .5 1.3 6.8 4.1 1 0.01 2.91 1 1.21 12890 I 
3 - - 50 .1 49.9 -- 5.5 80.7 1.5 7.6 4.7 i 0.01 3 29 . 1.36 14550 ; 
1 , 14 .9 35.2 43.5 6.4 5.9 64 .2 1.2 118.8 3.5 , 0.01 2.63 1 0.87 11490 l 
2 I -- 41 .3 51.2 7.5 5.0 75.4 1.5 6.5 4.1 I 0.01 3.09 ! 1.02 13500 I 
3 -- 44 .7 55.3 -- ?.4 81 .5 1.6 I 7.1 4.4 i 0.01 3.34 I 1.10 14590 I 
J ___l_ I 
• Lex · Lexington 
Bev · Bevier 
Wp · Weir Pittsburg 
Ca ·"Cainsville" (Rowe) 
• *1 · As received 
2 · Moisture free 
Wh ·Wheeler 
Crbg · Croweburg 
Fl ·Fleming 
Mn · Mineral 
Tb · Tebo 
Pr ·"Princeton" (Riverton) 
SP1 · "Sub-Princeton-1" (Riverton) 
SP2 · "Sub·Princeton-2" (Riverton) 
Un · Unnamed 
3 · Moisture and ash free 
'-1 
+'-
Table 13 (cont.) 
I Cool" I Hole Sample Thickness 
No. No. (inchesl 
SP1 7 24 24 .0 
I 
I 
SP2 7 25 16.8 




Wh 27 . 15.6 
Fl 8 28 18.0 
I 
Tb 8 29 : 16.8 
I 
I 
Lex 9 30 : 26.4 
I 
I 
Bev 9 31 l 15.6 
Crbg 9 32 12.0 
Mn 9 33 14.4 




Depth l . 
(feet I \Conditions• •I 
i 
446.0 ! 1 
2 
3 













399 .0 1 
I! 2 
3 !: 
216 .9 1 II 
2 li 
il 3 











567 .0 1 
2 
t 3 
• Lex · Lexington 
Bev ·Bevier 
Wh · Wheeler 
Crbg · Croweburg 
Fl. Flem ing 
Mn · Mineral 
Tb · Tebo 
Proximate Analysis I 1 Volatile Fixed 


































36.0 1 42.6 7.8 5.5 
41 .7 49 .3 9.0 4.6 
45 .8 54 .2 -- 5.1 
34 .0 39 .2 11 .1 5.5 
40.4 46.4 13.2 4.4 
i 46 .5 53 .5 -- 5.1 
j 36.3 39.7 11 .4 5.6 
i 41 .5 45 .4 13.1 4 .8 
I 47.7 52.3 -- 5.5 
32 .5 32 .3 20.3 4.9 
; 382 38.0 23.8 3.8 
50 .2 49 .8 1~.; I 5.0 : 33 .9 32.1 5.5 
41 .1 39.1 19.8 4.3 
51 .3 48.7 -- 5.4 
42.0 35.1 12.3 5.5 
46 9 39.4 13.7 4.8 
54 .3 45 .7 -- 5.5 
: 40.2 36.7 5.6 6.2 
: 48.7 44 .5 6.8 5.1 
: 52.2 47 .8 -- 5.5 
38 .8 35 .6 9.8 6.0 
' 46 .0 42.4 I 11 .6 5.0 
' 52 .1 47 .9 - - 5.6 
39 .9 36 .4 9.0 5.9 
. 46 .8 42 .6 10.6 51 
52.3 47.7 - - 5.7 
: 38 .9 36 .8 10.6 5.6 
I 45 .1 42.7 12.2 4.7 
' 51.4 48.6 - - 5.3 
33.5 36.3 17.7 5.0 
: 
38.3 41.5 120.2 4.2 i 47 .9 52 .1 -- 5.2 
Wp · Weir Pittsburg 
Ca ·"Cainsville" (Rowel 
Pr · " Pr inceton " (Riverton I 
SP1 · " Sub-Pr inceton-1 " (R iverton I 
SP2 · " Sub-Princeton-2 " (Riverton) 
Un · Unnamed 
Ultimate Analysis I Sulfur Forms 
Nitrogen l Oxygen 
\ l BTU 
Carbon Sulfur \ Sulfate Pyritic Organic I per 
i lb . 
63.4 I 1.1 17.5 I 3.48 I''' 11420 ! 4.7 : 0.00 73.4 1.3 6.3 I 5.4 o.oo 4.03 1.40 13220 80.7 1.4 6.8 ' 6.0 0.00 4.43 1.54 14530 
59 .3 1.0 18.0 5.1 0.00 4.24 0.84 )'0620 
70.4 1.2 4.8 6.0 0.00 5.03 1.00 12600 
81 .1 1.4 5.5 6.9 0.00 5.79 1.15 14520 
60.1 1.2 17 .9 3.8 0.01 2.54 1.28 10740 
68.8 1.4 7.5 4.4 O.Q1 :!.91 1.47 12290 
79.1 1.6 8.8 5.0 0.01 3.34 1.69 14130 
48.8 0.8 19.5 5.7 0.05 4.59 1.06 8730 
57.3 1.0 7.4 6.7 0.06 5.39 1.25 10250 
75.3 1.3 9 .6 8.8 0.08 7.08 1.64 13460 
51 .7 0.9 22.2 3.4 0.13 1.74 1.55 9250 
62.8 1.1 7.8 4.2 0.15 2.11 1.89 11230 
78.2 1.4 9.8 5.2 0.19 2.63 2.35 13990 
60.2 1.0 16.6 4.4 0.01 2.70 1.72 10850 
67.3 1.1 8.2 4.9 0.01 3.02 1.92 12130 
77 .9 1.3 9.6 5.7 0.01 3.50 2.23 14050 
60.8 1.1 23 .1 3.2 0.01 1.27 1.88 10990 
73.7 1.3 9.3 3.8 I 0.01 1.53 2.28 13310 
79.1 1.4 9 .9 4.1 0.01 1.65 2.45 14280 
58.4 1.0 .?0.6 4.2 0.00 2.34 1.89 10520 
69.4 1.2 7.8 5.0 0.00 2.78 2.24 12490 
78.5 1.4 8.8 5.7 0.00 3.15 2.53 14130 
59 .2 1.0 20.8 4.1 0.00 1.93 2.16 1 10760 
69.4 1.2 8 .9 4.8 0.00 2.27 2.53 I 12620 
77.6 1.4 9.9 5.4 0.00 2.54 2.83 i 14110 
58.1 0.9 I 19.1 5.7 0.03 3 78 1.92 : 10450 
67 .4 1.1 8.0 6.6 0.04 4.38 2.23 i 12120 
76 .8 1.2 9 .1 7.6 0.04 4.99 2.54 : 13810 
53.2 0.9 14 .1 9.1 I - - -- -- I 9610 
60.8 1.0 3.4 ; 10.4 I -- ' 10980 -- I --
76 .1 1.2 4.5 1130 l-- -- I -- i 13760 
• •1 · As received 
2 · Moisture free 
3 · Moisture and ash free 
'-J 
VI 
Table 13 (cont.) 
Proximate Analysis I Ultimate Analysis Sulfur Forms 
Coal• Hole Sample Thickness Depth Volatile Fixed BTU 
No . No . {inches) {feet) Conditions•• Mositure Matter Carbon Ash Hydrogen Carbon Nitrogen Oxygen Sulfur Sulfate Pyritic Organic per 
lb. 
Wh 11 35 15.8 253.2 1 14.9 36.0 36.9 12.2 5.6 56.5 1.0 20.5 4.2 0.07 2.94 1.23 10140 
2 -- 42.3 43.4 14.3 4.6 66.4 1.2 8.5 5.0 0.09 3.46 1.45 11910 
3 -- 49.4 50.6 -- 5.4 77 .6 1.4 9.8 5.8 0.10 4.03 1.69 13910 
Fl 11 36 15.6 295.0 1 14.4 36.8 39.9 8.9 5.8 60.5 1.1 21 .1 2.6 0.09 0.84 1.67 10710 
2 -- 43.0 46 .6 10.4 4.9 70.7 1.2 9.8 3.0 0.11 0.98 1.96 12510 
3 -- 47.9 52.1 -- 5.5 78.8 1.4 10.9 3.4 0.12 1.10 2.18 13960 
Mn 11 I 37 22.8 311 .9 1 10.3 30.2 29.6 29.9 4.0 45.1 0.7 17.1 3.2 0.08 1.82 1.25 7790 
2 - - 33.7 32.9 33.4 3.2 50.2 0.8 8.9 3.5 0.09 2.03 1.40 8680 
3 -- 50.6 49.4 -- 4.8 75 .4 1.2 13.3 5.3 0.13 3.04 2.10 13030 
Tb 11 38 20.4 327.7 1 9.6 43 .9 36 .4 10.1 5.7 62.2 1.1 16.0 4.9 0.21 2.59 2.07 11320 
2 -- 48.5 40.4 11 .1 5.1 68.8 1.2 8.4 5.4 0.23 2.87 2.29 12520 
3 -- 54 .6 45.4 -- 5.8 77.5 1.4 9.2 6.1 0.26 3.23 2.57 14090 
Ca 11 39 27 .6 461 .0 1 11.0 18.0 20.5 50.5 3.6 27.3 0.6 16.9 1.1 0.01 0.88 0.19 4710 
2 -- 20.2 23.0 56.8 2.7 30.7 0.7 7.9 1.2 0.01 0.99 0.21 5300 
Pr 11 40 20.4 506 .3 1 11 .3 37.8 41 .3 9.6 5.6 62.9 1.1 17.4 3.4 0.07 2.32 0.99 11180 
2 -- 42.6 46.6 10.8 4.9 70.9 1.2 8.4 3.8 0.08 2.61 1.11 12610 
3 -- 47.8 52.2 -- 5.5 79.5 1.4 9.3 4.3 0.09 2.93 1.25 14130 
Bev 12 41 22.8 147.0 1 14.6 34 .2 35.9 15.3 5.3 53.2 0.9 19.1 6.2 0.08 4.62 1.52 9700 
2 -- 40.0 42.0 18.0 4.3 62.3 1.1 7.0 7.3 0.09 5.41 1.77 11350 
3 - - 48.8 51 .2 -- 5.2 76.0 1.3 8.6 8.9 0.11 6.60 2.16 13840 
Bev 14 42 20.4 331 .6 1 16.2 32.4 35.5 15.9 5.2 51 .5 1.0 i 18.3 8.1 0.13 6.94 1.05 i 9370 
2 -- 38.7 42.3 19.0 4.0 61 .4 1.1 ' 4.8 9.7 0.16 8.29 1.26 I 11180 
3 -- 47 .8 52.2 -- 4.9 75.9 1.4 5.8 12.0 0.20 10.24 1.55 13810 
Wh 14 43 10.8 335.3 1 14 .7 36.5 36 .9 11.9 5.5 57 .8 1.0 17.7 6.1 0.09 4.49 1.56 10400 
2 - - 42.8 43.2 14.0 4.5 67 .8 1.2 5.3 7.2 0.11 5.27 1.83 12200 
3 - - 49 .8 50.2 -- 5.2 78.9 1.4 6.1 8.4 0.12 6.12 2.13 14190 
Cri:>g 14 44 15.6 381.6 1 1 13.7 38.0 36 .8 11 .5 5.8 58 .4 1.2 19.5 3.6 0.02 1.94 1.62 10650 
2 - - 44 .1 42 .5 13.4 4.9 67 .7 1.4 8.5 4.1 0.03 2.24 1.87 12340 
3 -- 50.9 49.1 -- 5.7 78.1 1.6 9.8 4.8 0.03 2.59 2.16 14250 
- :__ 
• Lex - Lexington 
Bev - Bevier 
Wh - Wheeler 
Crbg - Croweburg 
Fl - Fleming 
Mn- Mmeral 
Tb - Tebo 
Wp - Weir Pittsburg 
Ca - "Cainsville " (Rowel 
Pr - "Princeton" (Riverton) 
SP1- "Sub-Princeton-1" (Riverton) 
SP2- "Sub-Princeton-2" (Riverton) 
Un - Unnamed 
• • 1 - As received 
2 - Moisture free 
3 - Moisture and ash free 
""-.1 
0\ 
Pittsburg coal, sample 3, to a high of 2.51 percent in the Croweburg 
coal, sample 6. Sulfate sulfur is relatively minor having an arith-
metic mean of only 0.04 percent, as received. The arithmetic mean of 
the sulfate, pyritic, and organic sulfur percent for each of the coal 
beds is listed in Table 14. 
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The coals have an arithmetic mean of 35.9 percent volatile matter 
and 13.8 percent moisture and are classified as high volatile. The 
Tebo coal has the highest average volatile matter with 42.9 percent 
and the lowest average moisture at 10.1 percent. The Lexington coal, 
which is the youngest coal in the area, is highest in moisture with 
17.5 percent. 
Fixed carbon content of the coals has an arithmetic mean of 36.1 
percent, ranging from 30.4 to 44.1 percent. Ash content is quite 
variable ranging from 3.6 to 25.9 percent with an arithmetic mean of 
11.9 percent. The Lexington coal, based on only one sample, is lowest 
in ash with 5.6 percent. The "Princeton" coal is next lowest with 8.5 
percent ash. 
Average Percent Sulfate, Pyritic and Organic Sulfur by Coal Bed 
Sulfur Forms (percent) 
Coal Number of Samples Condition''( Sulfate Pyritic Organic 
Lexington 1 1 0.01 1.27 1.88 
2 0.01 1.53 2.28 
3 0.01 1.65 2.45 
Bevier 7 1 0.04 3.92 1.32 
2 0.05 4.62 1.55 
3 0.07 5.69 1.86 
Wheeler 7 1 0.04 3.34 1.52 
2 0.04 3.88 1.77 
3 0.05 4.67 2.06 
Croweburg 7 1 0.06 2.51 1.92 
2 0.07 2.91 2.23 
3 0.08 3.33 2.49 
Fleming 3 1 0.07 1.26 1.68 
2 0.09 1.50 2.00 
3 0.10 1.76 2.29 
Mineral 3 1 0.04 2.66 1.64 
2 0.05 3.03 1.87 
3 0.06 3.93 2.48 
Tebo 2 1 0.11 2.65 1.90 
2 0.12 2.95 2.11 
3 0.14 3.37 2.40 -.....) 
co 
Table 14 (cont.) 
Coal Number of Samples Condit ion~"' 
Weir Pittsburg 1 1 
2 
3 
"Cainsville" 3 1 
2 
3 
"Princeton" 4 1 
2 
3 
"Sub-Princeton-1" 2 1 
2 
3 
"Sub-Princeton-2" 2 1 
2 
3 
*1 - As received 
2 - Moisture free 
3 - Moisture and ash free 




































Trace Element Content of the Coal and Ash 
Trace or minor elements are generally described as those elements 
that average less than 1000 parts per million in the earth's crustal 
rocks. Goldschmidt (1935), however, places an upper limit of 100 parts 
per million for what he calls rare elements. The amount of coal mined 
each year in Missouri and the many potentially economically important 
trace elements concentrated in the ash when the coal is burned, suggests 
the possibility that selected coal ashes may someday be commerc ial 
sources of some of these valuable elements. From a different viewpoint, 
there is also concern over the possible pollution of the environment by 
the emission of more deleterious volatile elements in the burning of 
the coals. To document important details on trace element occurrence 
and amounts, analytical work was done on the more important minor 
elements in the coals of north-central Missouri. 
Mass Spectrometer Analysis of Selected Coals 
Seven coal samples (numbers 7, 9, 14, 15, 16, 17, and 23), were 
selected for study on the basis of potential economic importance and/or 
for correlative study. The location and position in the drill holes of 
these seven samples is shown in Figure 36. These samples were sent to 
the United States Bureau of Mines for the quantitative analysis of 74 
elements. A commercial Mattauch-Herzog mass s pec trometer was used. 
This spectrometer was equipped with photograph ic and electrical detec-
tion systems and a spark source. Concentrations of the trace elements 
were measured from mass spectra recorded on Ilford Q-2 photographic 
plates. All of the major elements present were also determined using 
the electrical detection system. 
Sample electrodes were prepared for the mass spectrograph by 
mix ing the coal samples with equal parts of pure graphite. As an 
internal standard, 50 ppm of indium was added to the mixture. This 
was done to determine the plate sensitivity and to insure homogeneity 
of mixing. The coal-graphite mixtures were then pressed into the 
sample electrodes in polyethylene slugs in a commercial isostatic die. 
The final size of the electrodes was l/16 by 3/8 inch. 
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DISTANCE BETWEEN DRILL HOLES {MILES} 
~~--7--~~~---------22----------~~ 
DRILL HOLE DRILL HOLE DRILL HOLE 

















































Pr·U ~'Princeton- Upper" 
Pr·L -"Princeton-Lo•er" 
SP·I-"Sub·Princeton-1" 
0- Sample number 
Location and elevation (above sea level) of selected samples 7, 9, 14, 
15, 16, 17 and 23. 
82 
A series of graded photoplate exposures ranging from 1 x lo-12 to 
3 x lo-7 coulomb was made for the trace element analysis. U.S. Geolo-
gical Survey sample BCR-1 (basalt rock) was used as a standard. The 
results of this analysis are given in Table 15. In this table, the 
use of the symbol "<" indicates that the element was not detected above 
the detection limit (i.e. the element may be present in amounts less 
than the figure shown). Detection limits vary between elements and are 
influenced by any interferents that may be present in the sample matrix. 
The maximum, minimum, and average concentrations of the elements 
(whole coal basis) for the seven selected samples is shown in Table 16. 
A comparison of the abundance of the elements in the coals with their 
abundance in other rock types is shown in Table 17. A comparison of 
the average concentration of elements in the seven selected coal sampl e s 
with the average concentration of the same elements in the earth's 
crustal rocks and corresponding amount of enrichment is given in Table 
18. Note that some elements are enriched in the coals relative to 
concentrations expected in the surrounding strata. Although most 
elements are present in the total coal to a lesser extent than in the 
crustal rocks, sulfur, boron, germanium, arsenic, molybdenum, iodine, 
antimony, silver, and selenium are enriched. The enrichment ratio of 
these nine elements in the total coal compared to their average concen-
tration in crustal rocks varies from 2 (antimony and arsenic) to 65 
(sulfur). 
From the concentration of the el ements present in the total coal 
sample, the concentration that would be presen t in the corresponding 
coal ash may be cal c ulated. Ac cording to Nicholls (1968) the theo-
retical concentration of elemen t s mainly associated with the organic 
fraction of a coal remains nearly constant with increasing ash content 
up to 25 percent by weight for the total coal. The concentr ation of 
the elements in the coal ash, however, decreases with an increase in 
ash. On the other hand, the concentration of an element associated 
with the inorganic fraction of a coal increases with an increase in ash 
in the total coal. When the content of beryllium, germanium, nickel, 
vanadium, and zinc in the coal ash are plotted against percent ash, the 
concentration generally decreases with an increase in ash although the 
Coal'"" Hole Samp le 
No. No . 
Bev 5 7 
Bev 6 9 
Ca 6 14 
Pr-U 6 15 
Pr-1 6 16 
Sp-1 6 17 
Pr 7 23 
Table 15 
Concentration of Trace Elements in Total Coal 
from North-Central Miss ouri 
Thickness Depth Ash (A.R.) P?l1 WEIGHT (whole coal) 
(feet) (fee t) (percent) Li Na K Rb Cs Be Mg 
1.4 335.1 12.7 10 300 2,000 2 1 1 8,800 
2.1 459.8 8.6 5 300 400 7 1 1 5,100 
3.2 649.7 16.3 3 ·~00 1,000 2 0.4 1 6,300 
2.6 663.4 7.4 5 400 500 5 0.4 1 5' 100 
1.4 667.7 10.5 130 300 200 1 <0.01 2 3,500 
1.6 682.2 12.4 59 400 200 2 0.03 1 2,500 



















Table 15 (cont.) 
Coal* Hole Sample Thickness Depth Ash (A.R.) 
No. No . (feet) (feet) (percent) Ba Sc 
Bev 5 7 1.4 335.1 12.7 80 3 
Bev 6 9 2.1 459.8 8.6 8 5 
Ca 6 14 3.2 649.7 16.3 8 3 
Pr-U 6 15 2.6 663.4 7.4 8 1 
Pr-1 6 16 1.4 667.7 10.5 8 3 
Sp-1 6 17 1.6 682.2 12.4 6 2 
Pr 7 23 3.7 436.6 6.4 5 16 
PPM WEIGHT (whole coal) 
y La Ti Zr Hf v Nb Ta 
5 3 600 15 < 0.1 34 4 0.1 
6 1 500 2 0.3 31 1 <O.l 
5 1 800 15 <0.1 15 3 0.1 
6 1 900 16 <O .1 31 3 <O.l 
9 19 300 9 <0.1 35 5 <0.1 
5 10 300 23 <o .1 17 6 <0.1 



















Table 15 (cont.) 
Coal* Hole Sample Thickness Depth Ash (A. R.) 
No. No. (feet) (feet) (percent) 
Bev 5 7 1.4 335.1 12.7 
Bev 6 9 2.1 459.8 8.6 
Ca 6 14 3.2 649.7 16.3 
Pr-U 6 15 2.6 663.4 7.4 
Pr-L 6 16 1.4 667.7 10.5 
Sp-1 6 17 1.6 682.2 12.4 
Pr 7 23 3.7 436.6 6.4 
PPM WEIGHT (whole coal) 
w Mn Re Fe Ru Os 
0.4 230 < 0.1 55,000 <0.1 <0.1 
1 68 < 0.1 3 7 ' 000 < 0 . 1 < 0 . 1 
<0.1 45 < 0.1 190' 000 < 0. 1 < 0.1 
< 0.1 23 < 0.1 65,000 <O.l <O.l 
<0.1 68 <0.1 46,000 <0.1 <0.1 
<O.l 7 <O.l 42,ooo <o.1 <o.l 
<O.l 14 < 0.1 33,000 <O.l <O.l 
Co Rh Ir 
5 <O.l <O.l 
7 <O.l <O.l 
4 <0.1 <0.1 
8 <O.l <O.l 
12 <0.1 <0.1 
12 <O.l <O.l 
9 <0.1 <o.l 
CI:J 
Vl 
Table 15 (cont.) 
Coal* Hole Sa:nple Thickness Depth Ash (A.R.) 
No. No. (feet) (feet) (percent) 
Bev 5 7 1. 4 335 . 1 12.7 
Bev 6 9 2.1 459.8 8.6 
Ca 6 14 3.2 61+9. 7 16.3 
Pr-U 6 15 2.6 663.4 7.4 
Pr-1 6 16 1.4 667.7 10.5 
Sp-1 6 17 1.6 682.2 12.4 
Pr 7 23 3.7 436.6 6.4 
PPM WEIGHT (whole coal) 
Ni Pd Pt Cu Ag Au Zn 
9 < 0.1 <O.l 110 0.1 <0.1 26 
23 < 0.1 (0.1 37 13 (0.1 20 
9 <O.l <0.1 28 0.4 <0.1 22 
30 (0.1 <O.l 37 1 <O.l 13 
38 <0.1 <0.1 8 <0.01(0.1 44 
15 <0.1 <0.1 6 0. 04 <O .1 26 





0. 03 (0 .1 
0.1 <0.1 












Table 15 (cont.) 
Coal'~~" Hole Sample Thickness Depth Ash (A.R.) 
No. No. (feet) (feet) (percent) A1 
Bev 5 7 1.4 335.1 12.7 11,000 
Bev 6 9 2.1 459.8 8.6 7,000 
Ca 6 14 3.2 649.7 16.3 19,000 
Pr-U 6 15 2.6 663.4 7.4 13,000 
Pr-1 6 16 1.4 667.7 10.5 7,800 
Sp-1 6 17 1.6 682.2 12.4 8,800 
Pr 7 23 3.7 436.6 6.4 5,400 
PPM WEIGHT (whole coal) 
Ga Tl Si Ge Sn Pb 
1 <0.1 32,000 10 0.5 5 
1 0.1 33,000 10 1 18 
2 2 33,000 5 1 36 
2 0.3 44,000 11 0.4 16 
2 0.1 27,000 2 0.1 3 
4 1 22,000 2 0.1 5 



















Table 15 (cont.) 
Coa li.- Hole Sample Thickness Depth Ash (A.R.) 
No. No. (feet) (feet) (percent) Bi s 
Bev 5 7 1.4 335.1 12.7 0.03 42,000 
Bev 6 9 2.1 459.8 8.6 0.6 16,000 
Ca 6 14 3.2 649.7 16.3 0.3 20,000 
Pr-U 6 15 2.6 663.4 7.4 0.2 54,000 
Pr-1 6 16 1.4 667.7 10.5 0.1 36,000 
Sp-1 6 17 1.6 682.2 12.4 0.03 42,000 
Pr 7 23 3.7 436.6 6.4 0.4 28,000 
PPM WEIGHT (whole coal) 
Se Te F C1 Br I 
1 <0.1 3 28 0.1 0.1 
0.4 <0.1 3 84 0.4 1 
4 <0.1 12 280 0.2 2 
1 <0.1 14 360 0.2 1 
0.2 0.1 72 590 0.2 1 
0.2 <0.1 62 200 0.3 2 



















Table 15 (cont.) 
Coal* Hole Sample Thickness Depth Ash (A.R.) 
No. No. (feet) (feet) (percent) Sm Eu 
Bev 5 7 1.4 335.1 12.7 1 0.4 
Bev 6 9 2.1 459.8 8.6 1 0.2 
Ca 6 14 3.2 649.7 16.3 1 0.2 
Pr-U 6 15 2.6 663.4 7.4 2 0.2 
Pr-1 6 16 1.4 667.7 10.5 3 0.4 
Sp-1 6 17 1.6 682.2 12.4 1 0.1 
Pr 7 23 3.7 436.6 6.4 1 0.1 
PPM WEIGHT (whole coal) 
Gd Tb Dy Ho Er Tm 
1 0.2 1 0.5 1 <0.1 
1 0.1 0.1 0.3 1 <0.1 
1 0.1 1 0.2 0.5 <O.l 
0.4 0.1 1 0.3 1 <O.l 
1 0.1 3 0.4 1 <0.1 
0.2 0.04 1 0.1 0.1 <0.1 











Table 15 (cont.) 
Coal·k Hole Sample Thickness Depth 
No. No. (feet) (feet) 
Bev 5 7 1.4 335.1 
Bev 6 9 2.1 459.8 
Ca 6 14 3.2 649.7 
Pr-U 6 15 2.6 663.4 
Pr-L 6 16 1.4 667.7 
Sp-1 6 17 1.6 682.2 
Pr 7 23 3.7 436.6 


















·kBev - Bevier 
Ca - "Cainsville" (Rowe) 
Pr-U - "Princeton" (upper bench) 
Pr-1 - "Princeton" (lower bench) 
Pr - "Princeton" (not split) 





Range of Concentration of Trace Eleme nts 
in Seven Selected Sampled Coals•''" fro:n 
North-Central Missouri 
(expressed in parts per million) 
Eleme nt Maximum Minimum Arithmetic We ighted 
Mean Average 
Concentration""''" Concentration*** 
Li 130. 3. 36. 30. 
Na 400. 300. 343. 346. 
K 2,000. 100. 629. 569. 
Rb 7. 0.2 2.7 2.6 
Cs 1. <O.Ol 0.42 0.39 
Be 2. 1. l . 1. 
Mg 8,800. 2,500. 5,0~3. 5,009. 
Ca 19,000. 200. 6,257. 9,239. 
Sr 100. 10. 31. 26. 
Ba 80. 5. 18. 13. 
Sc 16. 1. 5. 6. 
y 9. 5. 6. 6. 
La 19. 1. 5. 4. 
Ti 900. 70. 496. 497. 
Zr 23. 2. 12. 11. 
Hf 0.3 <O.l 0.04 0.04 
v 35. 5. 2 ·~. 21. 
Nb 6. 1 . 3. 3. 
Ta 0.1 <O .1 0.03 0.03 
Cr 49. 10. 28. 28. 
Mo 13. 0.4 6.3 5.9 
w 1. <o .1 0.2 0.2 
Mn 230. 7. 65. 52. 
Re <O.l <O.l 0 0 
Fe 190,000. 33,000. 66,857. 74,088. 
Ru <O.l <0.1 0 0 
Os <O.l <O.l 0 0 
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Table 16 (cont.) 
Eleme nt Maximum Minimum Arithmetic Weighted 
Mean Avera ge 
Concentration~""* Concentration*** 
Co 12. 4. 8. 8. 
Rh < O.l <O .l 0 0 
Ir <O .l <O .l 0 0 
Ni 38. 9. 21. 21. 
Pd <O .l <O .l 0 0 
Pt < O.l <O .l 0 0 
Cu 110. 4. 33. 28. 
Ag 13. <O . Ol 2 . 0 7 1.96 
Au <O .l < O.l 0 0 
Zn 44. 13. 26. 25. 
Cd 0 .1 0.01 0.03 0.03 
Hg < O.l < O.l 0 0 
B 230. 19. 143. 83. 
Al 19,000. 5,400. 10,286. 10,605. 
Ga 4. 1. 2. 2 . 
Tl 2. < O.l 0.5 0 . 6 
S i 44,000. 17,000. 29,714. 29 ,375. 
Ge 11. 1. 6. 6. 
Sn 1. 0.03 0.44 0.47 
Pb 36. 3. 13. 15. 
p 750. 80. 360. 3~8. 
As 7. 2. 4. 4. 
Sb 1. 0.1 0.4 0.3 
Bi 0.6 0.03 0.24 0.28 
s 54,000. 16,000. 34,000. 32,375. 
Se 4. 0.2 1.0 1.2 
Te 0.1 <o .1 0 0 
F 72. 3. 33. 32. 
Cl 590. 28. 305. 336. 
Br 0.4 0.2 0.2 0.2 
I 2. 0.1 1.2 1.2 
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Table 16 (co:1t.) 
Element Maximum Minimum Arithmetic W•2ighted 
Mean Average 
Cone en tra t ioai.-;\· Concentra tionidd.-
Ce 33. 1. 12. 10. 
?r 3. 0.1 0.8 0.7 
Nd 18. 0.4 5.3 4.1 
Sm 3. 1. 1. 1. 
Eu 0.4 0.1 0.2 0.2 
Gd 1. 0.2 0.7 0.6 
Tb 0.2 0.04 0.10 0.09 
Dy 3. 0.1 1.6 1. l 
Ho 0.5 0.1 0.3 0.2 
Er 1. 0.1 0.7 0.6 
Tm < 0.1 < 0.1 0 0 
Yb 0.5 < 0.01 0.19 0.16 
Lu 0.1 < 0.1 0 0 
Th 6. 1. 2. 2. 
u 5. 0.2 1.7 1.5 
·k values for "whole coal" of samples 7, 9, 14, 15, 16, 17, and 23. 
** undetected elements counted as zero. 
***weighted average based on varying thickness of coals. 
Comparison of Elemental Concentration in Coal* 
with other Rock Types in the Earth's Crust** 
(expressed in parts per million) 
Igneous Rocks Sedimentary Rocks 
Element Coal Ultrabasic Basaltic Granitic Syenites Shales Sandstones Carbonates 
Li 36. O.X 17. 32. 28. 66. 15. 5. 
Na 343. 4,200 18,000. 27,100. 40,400. 9,600. 3,300. 400. 
K 629. 40. 8,300. 33,600. 48,000. 26,600. 10,700. 2,700. 
Rb 3. 0.2 30. 140. 110. 140. 60. 3. 
Cs 0.4 o.x 1.1 3. 0.6 5. o.x o.x 
Be 1.1 o.x 1. 2.5 1. 3. o.x o.x 
Mg 5,043. 204,000. 46,000. 5,500. 5,800. 15,000. 7,000. 47,000. 
Ca 6,257. 25,000. 76,000. 15,200. 18,000. 22,100. 39,100. 302,300. 
Sr 31. 1. 465. 270. 200. 300. 20. 610. 
Ba 17.6 0.4 330. 630. 1,600. 580. xo. 10. 
Sc 4.7 15. 30. 10.5 3. 13. 1. 1. 
y 5.9 O.X 21. 37.5 20. 26. 40. 30. 
La 5.4 o.x 15. 50. 70. 92. 30. X. 
Ti 496. 300. 13,800. 2,300. 3,500. 4,600. 1,500. 400. 
Zr 12. 45. 140. 157.5 500. 160. 220. 19. 
v 24. 40. 250. 66. 30. 130. 20. 20. 
Nb 3. 16. 19. 20.5 35. 11. o.ox 0.3 
\.0 
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Table 17 (cont.) 
Igneous Rocks Sedimentary Rocks 
Element Coal Ultrabasic Basaltic Granitic Syenites Shales Sandstones Carbonates 
Cr 28. 1,600. 170. 13.1 2. 90. 35. 11. 
Mo 6.3 0.3 1.5 1.2 0.6 2.6 0.2 0.4 
w . 2 0.77 0.7 1.8 1.3 1.8 1.6 0.6 
Mn 65. 1,620. 1,500. 465. 850. 850. xo. 1,100. 
Fe 66,857. 94,300. 86,500. 21,900. 36,700. 47,208. 9,800. 3,800. 
Co 8. 1 150. 48. 4. 1. 1.9 0.3 0.1 
Ni 21. 2,000. 130. 9.8 4. 68. 2. 20. 
Cu 33. 10. 87. 20. 5. 45. X. 4. 
Ag 2. 0.06 0.11 0. 01+4 o.ox 0.07 o.ox o.ox 
Zn 26. 50. 105. 50. 130. 95. 16. 20. 
Cd .03 o.x 0.22 0.13 0.13 0.3 o.ox 0.03 5 
B 143. 3. 5. 9.5 9. 100. 35. 20. 
Al 10,286. 20,000. 78,000. 77,000. 88,000. 80,000. 25,000. 4,200. 
Ga 1.9 1.5 17. 17. 30. 19. 12. 4. 
Tl 0.5 0.06 0.21 1.5 1.4 1.4 0.82 o.ox 
Si 29,714. 205,000. 230,000. 330,500 291,000. 73,000. 368,000. 24,000. 
Ge 5.9 1.5 1.3 1.3 1.0 1.6 0.8 0.2 
Sn 0.4 0.5 1.5 2.3 X. 6.0 o.x o.x 
Pb 13. 1. 6. 17. 12. 20. 7. 9. 
p 360. 220. 1,100. 760. 800. 700. 170. 400. \0 
V1 
Table 17 (cont.) 
Igneous Rocks Sedimentary Rocks 
Element Coal U1trabasic Basaltic Granitic Syenites Shales Sandstones Carbonates 
As 3.6 1. 2. 1.7 1.4 13. 1. 1. 
Sb 0.4 0.1 0.2 0.2 o.x 1.5 o.ox 0.2 
Bi 0.24 N.A. 0.007 N.A. N.A. N.A. N.A. N.A. 
s 34,000. 300. 300. 300. 300. 2,400. 240. 1,200. 
Se 1.0 0.05 0.05 0.05 0.05 0.6 0.05 0.08 
F 32.6 100. 400. 685. 1,200. 740. 270. 330. 
C1 304.6 85. 60. 165. 520. 180. 10. 150. 
Br 0.2 1. 3.6 2.9 2.7 4. 1. 6.2 
I 1.2 0.5 0.5 0.5 0.5 2.2 1.7 1.2 
Ce 11.6 O.X 48. 86.5 161. 59. 92. 11.5 
Pr 0.8 o.x 4.6 8.3 15. 5.6 8.8 1.1 
Nd 5.3 o.x 20. 35. 65. 24. 3 7. 4.7 
Sm 1.4 o.x 5.3 9.4 18. 6.4 10. 1.3 
Eu 0.2 o.x .8 1.5 2.8 1. 0 1.6 0.2 
Gd 0.7 o.x 5.3 9.4 18. 6.4 10. 1.3 
Tb 0 .l o.x .8 1.5 2.8 1.0 1.6 0.2 
Dy 1.6 o.x 3.8 6.8 13. 4.6 7.2 0.9 
Ho 0.3 o.x 1.1 1.9 3.5 1.2 2.0 0.3 
Er 0.7 o.x 2.1 3.8 7.0 2.5 4.0 0.5 1..0 
0'\ 
Table 17 (cont.) 
Element Coal Ultra basic 
Yb 0.2 o.x 
Th 2.0 0.004 



















* - average of seven selected whole coal samples (Samples 7, 9, 14, 15, 16, 17, and 23) - an undetected 
element was recorded as zero. 
** - average values for igneous and sedimentary rocks from Turekian and Wedepohl (1961). 
X - indicates an order of magnitude estimate. 





Comparisou. of Clarke Concentration with 
Selected North-Central Missouri Coals 
Element Clarke Concentration Arithmetic Mean Enrichment/Depletion 
(Mason, 1966) Concentration in Factor in Coal Samples*"<' 
Coal·k 
Si 277,200 29,714 -9X 
Al 81,300 10,286 -8X 
Fe 50,000 66,857 +1.3X 
Ca 36,000 6,257 -6X 
Na 28,300 343 -83X 
K 25,900 629 -41X 
Mg 20,900 5,043 -4X 
Ti 4,400 496 -9X 
p 1,180 360 -3X 
Mn 1,000 65 -15X 
F 700 33 -21X 
s 520 34,000 +65X 
Sr 450 31 -15X 
Ba 400 18 -22X 
Cl 200 305 +1.5X 
Cr 200 28 -7X 
Zr 160 12 -13X 
Rb 120 3 -44X 
v 110 24 -5x 
Ni 80 21 -4X 
Zn 65 26 -3X 
Ce 46 12 -4X 
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Table 18 (cont.) 
Element Clarke Concentration Arithmetic Mean Enrichment/Depletion 
(Mason, 1966) Concentration in Factor in Coal Samples·k;'( 
Coal7' 
Cu 45 33 -1.4X 
y 40 6 -7X 
Li 30 36 +1. 2X 
Nd 24 5 -5x 
Nb 24 3 -8X 
Co 23 8 -3X 
La 18 5 -4X 
Pb 15 13 -1.2X 
Ga 15 2 -8X 
Th 10 2 -5x 
Sm 7 1 -7X 
Gd 6 0.7 -9X 
Pr 6 0.8 -8X 
Sc 5 5 0 
Dy 5 2 -3X 
Sn 3 0.4 -8X 
B 3 143 +48X 
Yb 3 0.2 -15X 
Er 3 0.7 -4X 
Br 3 0.2 -15X 
Ge 2 6 +3X 
Be 2 1 -2X 
As 2 4 +2X 
u 2 2 0 ~~m 
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Table 18 (cont.) 
Element Clarke Concentration Arithmetic Mean Enrichment/Depletion 
(Mason, 1966) Concentration in Factor in Coal Samples ·kk 
Coal'" 
w 1 0.2 -5x 
Mo 1 6 +6X 
Cs 1 0.4 -3X 
Ho 1 0.3 -3X 
Eu 1 0.2 -5x 
Tl 1 0.5 -2X 
Tb 0.9 0.1 -9X 
I 0.3 1.2 +4X 
Sb 0.2 0.4 +2X 
Bi 0.2 0.2 0 
Cd 0.2 0.03 -7X 
Ag 0.1 2 +20X 
Se 0.09 1 +llX 
*arithmetic average of selected coal samples 7, 9, 14, 15, 16, 17, and 23. 
** + indicates enrichment 
- indicates depletion 
content of the elements in the total coal remains nearly the same or 
shows considerable variation when plotted against the ash content 
(Figures 37 to 41). This indicates that these elements are mainly 
associated with the organic fraction of the coal. 
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Copper, lead, molybdenum, boron, and silver show more variable 
associations than beryllium, germanium, nickel, vanadium, and zinc in 
Missouri coals. Nicholls (1968), however, believes copper is mainly 
associated with the inorganic fraction of coal and boron is mainly 
associated with the organic fraction. Copper in Missouri coals 
probably occurs in both the organic and inorganic fractions. In the 
inorganic fraction it is probably in the form of chalcopyrite. The 
concentration of boron in the coal is believed to be a measure of the 
salinity of the water in which the sedimentation occurred. If so, it 
would be concentrated at an early stage of the coalification process. 
Lead varies from 3 to 36 parts per million in the total coal and is 
probably associated more with the inorganic fraction. Hinds (1912) 
reports the occurrence of galena in coal in central Missouri and 
believes the enrichment to be from ore-bearing fluids. 
All of the coal samples analyzed were unweathered. It is probable 
that some of the elemental concentrations would increase if weathered 
samples were analyzed. Zubovic and others (1967) found weathered coal 
in the Interior Coal Province to contain appreciably more beryllium, 
copper, and vanadium than unweathered coal. 
The following relationship applies to the major elements analyzed 
for by mass spectrometry: 
Fe > S i > A 1 > Ca > Mg > K > T i > P > Na 
Iron is the major metallic element present in the coal. It averages 
almost 6.7 percent in the total coal. The average amount of sulfur 
in the coals, although not a major element in crustal rocks of the 
earth, is greater than the average concentration of silicon in these 
Missouri coals. The sulfur averages almost 4.4 percent for the coals 
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Comparison of the concentration of 
beryllium in total coal with that in 
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Figure 38 
Comparison of the concentration of germanium in 
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Comparison of the concentration of nickel in 




































































Comparison of the concentration of vanadium in 
total coal with that in coal ash for selected 
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ASH CONTENT IN WEIGHT PERCENT 
(AS RECEIVED) 
Figure 41 
Comparison of the concentration of zinc in 




Emission Spectrograph Analysis of Coal Ash 
Representative samples of the 7 selected coals described above, 
as well as samples of the remaining 36 coals of .this study were each 
ground to 60 mesh and reduced to a one gram representative sample. 
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Each coal was then ashed in a muffle furnace at 7500 C for approximately 
4 hours. A semiquantitative analysis of the concentrations of beryl-
lium, boron, copper, germanium, lead, molybdenum, silver, vanadium, and 
zinc in the remaining ash was then made using the Missouri Geological 
Survey 3-meter, d.c. arc emission grating spectrograph. Operating 
conditions and specifications for the spectrograph are given in Table 
19. 
Each coal ash was run in triplicate. Both standards and unknowns 
were mixed in a ratio of 1 part standard or ash to 9 parts graphite on 
a Spex Industries No. 8000 mixer/mill for 2 minutes. Since graphite 
was mixed with both the unknowns and the standards, the matrix effect 
between the ash and the standards was minimized. Care was taken to be 
sure that each anode was packed the same. Arc distance was kept 
constant during the burn, and each electrode was burned to completion. 
These variables were minimized in order not to affect final results. 
The minimum concentration of each element determined is dependent 
upon the spectral sensitivity of each element in the d.c. arc. The 
detection limit and wavelength analyzed for each of the elements is 
shown in Table 20. 
A Jarrel-Ash Comparator Microdensitometer equipped with a galvano-
meter was used for measuring the optical density or transmittance of 
the analytical lines. On the microdensitomet e r the spectrum of the 
sample is illuminated by a .1 millimeter wi de l ine image surrounded by 
a 6 x 6 millimeter field that is less intense. This line image and 
the surrounding low intensity field are projected onto a photocell 
slit and viewing screen. A clear-plate reading, or 100 percent 
transmittance, is adjusted on the galvanometer in the wavelength region 
of the line to be measured on an une x posed part of the emulsion. A 
background reading is then taken next to the line to be scanned. The 
value for the transmittance of the line is divide d by the value for 
the transmittance of the background. The quotient is equal to the 
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Table 19 
Equipment and Operating Conditions for the Spectrochemical Analysis 
Spectrograph: 
Electrodes: 






Baird 3-meter emission grating spectrograph 
equipped with a grating of 15,000 lines per 
inch and having a reciprocal linear disper-
sion of 5.5 A per mm in the first order. 
A high purity graphite r o d of 6.15 mm diameter 
having a machined cup at one end is used as 
the sample electrode (anode). The c up has a 
1.5 mrn inner diameter with a wall 0.5 mm 
thick and a crater 2.5 mm deep. The upper 
electrode (cathode) is a pointed graphite rod 
6.15 mm in diameter. The electrodes contain 
impurities of iron, magnesium, manganese, and 
sodium. 
l part sample or standard mixed with 9 parts 
of high purity graphite powder and mixed in 
a Spex Industries No. 8000 Mixer/Mill for 120 
seconds. 
A 45-volt d.c. 3 arc operated at ll amperes. 
The analytical gap was maintained at approxi-
mately 4 rnm throughout the excitation period 
of 90 seconds. 
2460-3875 A, first order. 
25 microns. 
Eastman Kodak type SA#l on 4 x 10 inch 
Spectrum Analysis No. 1 Plates. The plates 
are developed in D-19 solution for 5 minutes 
with continuous agitation. 
Jarrel-Ash Direct Reading Projection Comparator 
Microphotometer having a split viewing screen 
with a lOX magnification. 
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Table 20 
Detection Limit and Wavelengths for the Elements 
Element Wavelength Detection limit 
(angstrom units) (weight percent of ash) 
Ag 3280.68 .0001 
B 2496.78 .001 
Be 3131.07 .0001 
Cu 3247.54 .0001 
Ge 2592.53 .001 
Mo 3170.35 .0001 
Pb 2833.07 .001 
v 3185.40 .001 
Zn 3345.02 .01 
110 
percent transmittance of the line with the concentration of the element 
being inversely proportional to the percent transmittance. 
In addition to noting the presence or absence of the elements, a 
comparison was made between the relative density of the most useful 
eleme n tal wavelength lines of the ash sample with the density of the 
corresponding elemental lines of standards containing 10, 50, 100, 500 
~nd 1000 ppm of each of the elements. The range of concentration for 
the elements analyzed is shown in Table 21. The number of samples 
that occur within each concentration range for each element is given 
in Table 22. The order of abundance for the nine elements in the coal 
~shes was found to be: 
B > Cu > Pb > Zn >V >Mo > Ge >Be >Ag 
rhis order differs slightly from the relative abundance of the elements 
in the seven selected coals on a total coal basis in which the concen-
tration of zinc is greater than that of vanadium which is greater than 
that of lead and the average concentration of silver appears to be 
~reater than the average concentration of beryllium. The average silver 
:oncentration, however, is abnormally high because of sample 9 which 
Nas found to have 13 parts per million silver in the total coal. The 
~verage silver content of the other 6 samples is only 0.26 parts per 
nillion whereas the average beryllium content is 1.14 parts per million 
in the total coal. 
Mason (1966) suggests three possibilities for the concentration of 
trace elements in coal: 
1. The element was ac c umulated by the vital 
processes of the p lants that formed the 
parent material of the coal (possibly 
f o l l owed by selective decay whereby the 
rar e element was further concentrated). 
2. The elemen t was precipitated from ground 
water by absorption or chemical reaction 
during coalification. 
3. The element formed part of the mineral 
matter deposited along with the organic 
material. 
rhe first p o s sibility was also suggested by Goldschmidt (1950). The 
third possibility which is somewhat dependent on the drainage patterns 
Hole Sample Thickness Depth 
Coal• No. No. (inches) (feet) 
'Nh 1 1 24 .1 129 .6 
Crbg 2 2 21.6 114 .4 
Wp 2 3 9 .6 190.7 
Bev 4 4 37.2 293 .5 
'Nh 4 5 15.6 313.2 
Crbg 4 6 20.4 356 .9 
Bev 5 7 19 .2 300.2 
Crbg 5 8 16.8 335 .1 
Bev 6 9 25 .5 459 .8 
Wh 6 10 12.5 48 1.1 
Crbg 6 11 12.5 494 .5 
Fl 6 12 19 .2 534 .7 
Mn 6 13 16.8 548 .7 
Ca 6 14 38 .4 649 .7 
Pr 6 15 31.2 663.4 
Pr 6 16 16.8 667 .7 
SP1 6 17 19 .2 682.3 
SP2 6 18 21.6 717 .1 
Wh 7 20 14 .4 254.4 
Crbg 7 21 25.2 283.2 
Ca 7 22 13.2 412 .7 
Pr 7 23 44.4 436 .6 
Table Ll 
Ra nge of Concentration of Trace Elements in Coal Ashes 
from North-Central Missouri 
< 10 10-50 
(expressed in parts per mil l ion) 
Boron 

















• Lex · Lex ington 
Bev · Bevier 
Wh - Wheeler 
Crbg - Croweburg 
Fl - Fleming 
Mn · Mineral 
Tb - Tebo 




























Wp - Weir Pittsburg 
Ca - " Cainsvi lle" (Rowe) 
Pr - "Pr inceton " (R iverton) 
SP1 -"Sub-Princeton - 1" (Riverton) 
SP2- "Sub-Princeton - 2" (Riverton ) 
Un - Unnamed 
) 1000 <10 
. 
Molybdenum 


























Table 21 (cont.) 
Hole Sample Thickness Depth 
Coal' No. No. (inches) (feet) < 10 10-50 
SP1 7 24 24.0 446 .0 
SP2 7 25 16.8 47 5.3 
Bev 8 26 18.0 2924 
Wh 8 27 15.6 318.1 
Fl 8 28 18 .0 365 .5 
Tb 8 29 16.8 399 .0 
l ex 9 30 26.4 2 16.9 
Bev 9 31 15.6 319 .5 
Crbg 9 32 12.0 358.0 
Mn 9 33 144 407 .0 
Un 9 34 16.8 567 .0 
Wh 11 35 15.8 253.2 
Fl 11 36 15.6 295.0 
Mn 11 37 22 .8 311 .9 
Tb 11 38 204 327 .7 
Ca 11 39 27.6 461 .0 
Pr 11 40 204 ~6 .3 
Bev 12 41 22 .8 147 .0 
Bev 14 42 204 331.6 
Wh 14 43 10.8 335 .3 
Crbg 14 44 15.6 381.6 
Boron 















• Lex - l exi ngton 
Bev - Bevier 
Wh - Wheeler 
Crbg - Croweburg 
Fl · Fleming 
Mn - Mineral 









































Wp - Weir Pittsburg 
approximate midpoin t of range Ca - " Cainsville" (Rowel 
Pr - " Princeton" (Riverton) 
SP1 ·"Sub-Princeton - 1" (Riverton) 
SP2 - "Sub-Princeton - 2" (Riverton) 
Un - Unnamed 
• + approaches upper limit of range 








Table 21 (cont.) 
Hole Sample Thickness Depth 
Coal' No. No. (inches) (feet) < 10 10-50 
Wh 1 1 24. 1 129.6 
Crbg 2 2 21.6 114.4 . 
Wp 2 3 9 .6 190.7 . 
Bev 4 4 37 .2 293 .5 . 
Wh 4 5 15.6 313.2 
Crbg 4 6 20.4 356.9 . 
Bev 5 7 19.2 300.2 . 
Crbg 5 8 16.8 335.1 
8ev 6 9 25.5 459 .8 • 
Wh 6 10 12.5 481 .1 . 
Crbg 6 11 12.5 494 .5 . 
Fl 6 12 19 .2 534.7 
Mn 6 13 16.8 548 .7 . 
Ca 6 14 38 .4 649 .7 . 
Pr 6 15 31.2 663 .4 
Pr 6 16 16.8 667 .7 . 
Sp1 6 17 19.2 682 .3 . 
SP2 6 18 11.6 717 .1 
Wh 7 20 14.4 254 .4 • 
Crbg 7 21 25.2 283.2 . 
Ca 7 22 13.2 41 2.7 • 










• Lex - Lexington 
Bev - Bevier 
Wh - Wheeler 
Crbg - Croweburg 
Fl - Fleming 
Mn - Mineral 
Tb - Tebo 
) 1000 
Silver Vanadium 























Wp - Weir Pittsburg 
Ca - " Cainsville " (Rowel 
Pr - "Princeton" (Riverton) 
SP1 -"Sub-Princeton - 1" (R iverton) 
SP2 - "Sub-Princeton - 2" (Riverton) 















approximate midpoint of range 
•+ approaches upper limit of range 


















Table 21 (cont.) 
Hole Sample Th ickness Depth 
Coal" No. No. (inches) (feet) < 10 10.50 
SP1 7 24 24.0 446.0 • 
SP2 7 25 16.8 475.3 
Bev 8 26 18.0 292.4 • 
Wh 8 27 15.6 318 .1 . 
Fl 8 28 18.0 365 .5 • 
Tb 8 29 16.8 399 .0 • 
Lex 9 30 26.4 216 .9 
Bev 9 31 15.6 319.5 . 
Crbg 9 32 12.0 358.0 . 
Mn 9 33 14.4 407 .0 • 
Un 9 34 16.8 567 .0 . 
Wh 11 35 15.8 253 .2 • 
Fl 11 36 15.6 295 .0 • 
Mn 11 37 22 .8 3 11 .9 • 
Tb 11 38 20.4 327.7 . 
Ca 11 39 27 .6 461 .0 • 
Pr 11 40 20.4 506 .3 • 
Bev 12 41 22.8 147.0 . 
Bev 14 42 20.4 331.6 • 
Wh 14 43 10.8 335 .3 • 
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Bev · Bevier 
Wh . Wheeler 
Crbg · Crovveburg 
Fl . Fleming 
Mn . Mineral 
Tb · Tebo 
) 1000 
Silver 
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SP1 - "Sub-Princeton . 1" (Riverton) 
SP2 - " Sub-Princeton . 2" (Riverton) 


























approximate midpoin t of range 
approaches upper limit of range 
approaches lovver limit of range 




Table 21 (cont.) 
Hole Sample Th ickness Depth 
Coal · No. No. (inches ) (feet) ( 10 11}50 
Wh 1 1 24. 1 129.6 
Crbg 2 2 21.6 114.4 
Wp 2 3 9.6 190.7 
Bev 4 4 37.2 293 .5 
Wh 4 5 15.6 313.2 
Crbg 4 6 20.4 356.9 
Bev 5 7 19.2 300.2 
Crbg 5 8 16.8 335 .1 
Bev 6 9 25.5 459 .8 
Wh 6 10 12.5 481.1 
Crbg 6 11 12.5 494 .5 
Fl 6 12 19.2 534 .7 
Mn 6 13 16.8 548 .7 
Ca f) 14 38.4 649.7 
Pr 6 15 31.2 663.4 
Pr 6 16 16.8 667 .7 
SP1 6 17 19.2 682 .3 
SP2 6 18 21 .6 717 .1 
Wh 7 20 14 .4 254.4 
Crbg 7 21 25.2 283.2 
Ca 7 22 13.2 41 2.7 
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) 1000 
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SP2 · "Sub-Princeton - 2" (Riverton) 
Un - Unnamed 
•+ 
·-











approxi mate midpoint of range 
approaches upper limit of range 




















Table 21 (cont.) 
Hole Sample Th ickness Depth 
Coal• No. No. (inches) (feet) < 10 10-50 
SPI 7 24 24 .0 446.0 
SP2 7 25 16.8 47 5.3 
Bev 8 26 18.0 292.4 
Wh 8 27 15.6 318.1 
Fl 8 28 18.0 365.5 
Tb 8 29 16.8 399.0 
Lex 9 30 26.4 216.9 
Bev 9 31 15.6 319 .5 
Crbg 9 32 12.0 358.0 
Mn 9 33 14.4 407 .0 
Un 9 34 16.8 567 0 
'Nh 11 35 15.8 253.2 
Fl 11 36 15 .6 295.0 
Mn 11 37 22.8 311.9 
Tb 11 38 20.4 327.7 
Ca 11 39 27.6 461 .0 
Pr 11 40 20.4 506.3 
Bev 12 4 1 22 .8 147 .0 
Bev 14 42 20.4 331.6 
'Nh 14 43 10.8 335.3 
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Fl- Fleming 
Mn - Mineral 
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> 1000 
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Number of Coal Ash Samples in Each Range 
10-50 ppm 50-100 ppm 100-500 ppm 
8 
22 
34 7 1 
25 7 1 
5 
2 29 11 
12 26 











and source rocks contributing sediments to the coal swamp does not 
seem as important for influencing the concentration of trace elements. 
A greater enrichment of copper, lead and especially zinc and cadmium 
would have been e x pected from the Pb-Zn Metallogenic Province of the 
midcontinent if the source was available while the coal swamp was being 
formed. In addition, as has been shown, it appears that many trace 
elements are concentrated in the organic fraction of Missouri coals 
rather than in the inorganic fraction. 
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CONCLUSIONS 
The following are the most significant conclusions made from this 
study: 
l. In the seven county area of this report, there are an estimated 
15.4 billion tons of coal resources. Of this total about 4.3 billion 
tons are classified as unmined coal reserves. 
2. The arithmetic mean of the BTU content of the 43 coals studied 
from this part of north-central Missouri is 10,447 as received. The 
weighted average heating value, based on the thickness of the coals, is 
10,463 BTU as received. 
3. The arithmetic mean of the sulfur content of the coals is 4.69 
percent as received of which 3.26 percent is pyritic, 1.39 percent is 
organic, and 0.04 percent is sulfate. The weighted average sulfur 
content, based on the thickness of the coal, is 4.94 percent as 
received of which 3.37 percent is pyritic, 1.53 percent is organic, 
and 0.04 percent is sulfate. 
4. No areas of low sulfur coal were discovered in north-central 
Missouri although almost 70 percent of all the sulfur analyzed in the 
coals is in the form of pyritic sulfur. 
5. The pyritic sulfur occurs, in order of decreasing importance, 
as: (a) megascopic nodules, bands or lenses, (b) finely disseminated 
microscopic particles in the macerals, and (c) micro to megascopic 
crystals in veins, cleats, and joints. 
6. Essentially all coals in north-central Missouri may be classi-
fied as high volatile bituminous. They have an arithmetic mean of 
35.9 percent volatile matter and 13.8 percent moisture, as received. 
The arithmetic mean of the fixed carbon content is 36.1 percent and 
the arithmetic mean of the ash content is 11.9 percent, but ranges 
from 3.6 to 25.9 percent, as received. 
7. Much of the lower ash coal in north-central Missouri may 
prove to be a good source for future gasification operations since a 
high volatile coal will be needed. 
8. The vitrinite portion of the coals has an arithmetic mean of 
80.1 percent and increases irregularly towards the west in the study 
area. 
9. Inertinite has an arithmetic mean of 4.9 percent, exinite 
has an arithmetic mean of 2.5 percent, and mineral matter has an 
arithmetic mean of 12.5 percent. 
10. Sulfur, boron, and selenium, are enriched in all the total 
coals analyzed in relation to their average concentration in the 
crustal rocks of the earth. 
11. Iron, chlorine, copper, silver, lead, molybdenum, iodine, 
germanium, arsenic, antimony, lithium, lanthanum, and bismuth are 
enriched in some of the total coals analyzed in relation to their 
average concentration in the crustal rocks. 
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12. The fifty seven other elements analyzed including zinc and 
cadmium are less concentrated in the coals than they are in crustal 
rocks. An enrichment of zinc and cadmium would have been expected if 
the Pb-Zn Metallogenic Province of the midcontinent was present before 
the coal was formed. 
13. Since many of the elements are concentrated in the coal ashes 
when the coal is burned, some of the ashes from the coals of north-
central Missouri may prove to be an economically important source of 
some of the more valuable elements in the future. Copper and silver 
appear to be the most promising. 
14. Of the coal ashes analyzed, most contained less than 50 parts 
per million germanium and thus the germanium content of the coals may 
not be economically important. It is possible, however, that some of 
the germanium may have been lost in the high temperature ashing 
procedure. 
15. Many of the minor elements are associated with the organic 
fraction of the coals rather than with the inorganic fraction. 
16. The lower ash coals have higher overall trace element 
concentration in the coal ash. 
17. The order of abundance of the major elements present in the 
crustal rocks and those analyzed in the total coal samples by mass 
spectrometry is: 
Si>Al>Fe>Ca>Na>K>Mg>Ti>P (crustal rocks) 
Fe>Si>Al>Ca>Mg>K>Ti>P>Na (total coal) 
18. The order of abundance of the nine trace elements analyzed 
in the coal ashes by emission spectrography is: 
B > Cu> Pb > Zn> V >Mo> Ge >Be> Ag 
In conclusion, the trace element concentration, stratigraphic 
setting, and petrographic characteristics affect the total value of 
121 
a c oal and should be considered along with the proximate and ultimate 
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APPENDIX - DESCRIBED DRILL CORE IN NORTH-CENTRAL MISSOURI 
The following logs of diamond drill hole cores financed by the 
National Air Pollution Control Administration have been included in 
this report as a supplement to the discussion of the geologic setting 
of the coals that was presented earlier. The logs show the nature of 
the overburden and floor for each of the coals and add support to the 
correlation of the coals that is illustrated in figures 6, 8, 9, 10 
and 11. The logs also aid in making a correlation of the coals of 
north-central Missouri with the coals of Illinois and western Missouri. 
The recovery of drill hole 10 was too poor to be included. 
DRILL HOLE NO. 1 
SW~, SE~, NW~ sec. 7, T. 57 N. , R. 16 W.; .5 mile 
southwest of New Cambria, Macon County, Missouri 
Collar elevation 
Depth to bedrock 










Lagonda Formation Depth to top 
(feet) 
59 Siltstone , sandy and micaceous, 
light greenish gray, fine grained, 
calcareous . 
58 Siltstone, light gray to light 
greenish gray, argillaceous, contains 
bands of calcareous shale, grades 
into unit below. 
57 Limestone, light to medium gray 
mottled, argillaceous, hard, darker 
towards base . 
Bevier Formation 
56 Shale, dark gray to black, bituminous, 
hard, some pyrite and vertical calcite 
cleats . 
55 Shale, micaceous, medium to light 
gray, some calcareous lenses, some 
marcasite with ring staining, fossils 
at 127.5, clayey at base . 
Verdigris Formation 
54 Coal, 1" pyrite band at top, also 
contains gypsum (Wheeler, S-1) . 
53 Clay, light to medium gray, dark and 
bituminous at top, some marcasite and 
iron staining. 
52 Limestone, light gray, finely crystal-
line, slightly oolitic, contains 
light to dark brown calcite veins, 




















51 Limestone, light greenish gray, 
silty and argillaceous, finely 
crystalline. 
SO Limestone, light gray to white, some-
what argillaceous, finely crystal-
line , thin bedded. 
49 Clay, light greenish gray, calcar-
eous, some small pyrite grains . 





48 Shale, dark gray to black, bituminous. 140.5 
47 Clay, light to medium greenish gray, 
pyritic, slightly calcareous; some 
thin, medium to dark gray shale bands 
beginning .6' from base. 
46 Limestone, light gray, argillaceous, 
fossiliferous, some pyrite 
45 Clay, light greenish gray, containing 
some limestone nodules; darker gray 
and containing some brown iron stains 
near base. 
44 Shale, medium to dark gray, bituminous 
43 Clay, light to medium gray to light 
greenish gray at base, some pyrite, 
slightly calcareous, becoming shaly 
more calcareous near base. 
42 Clay, light greenish gray, very 
slightly calcareous contains some 
dark gray bands. 
Croweburg Formation 
41 Shal e, medium to dark gray, fissile, 
bituminous, some sulfur alteration . 
40 Clay, medium gray, some pyrite and 
organic matter . 
39 Clay, light to dark gray, some 
organic matter . 
38 Shale, clayey, light gray to medium 
gray green, some fine pyrite grains 




























Depth to top 
(feet) 
37 Shale, medium to dark gray, lami-
nated, some light green clay bands . 
36 Shale, clayey, medium olive gray to 
medium gray, some iron stains; .2' 
sandy, calcareous, and pyritiferous 
band at base . 
35 Siltstone, light gray, argillaceous, 
some pyrite. 
34 Shale, medium gre e nish gray, silty, 
some iron stains . 
33 Shale, medium to dark gray, darker at 
bas e . 
Fleming-Robinson Branch Formation 
32 Clay, medium brownish gray to light 
gray, bituminous streak at top . 
31 Clay, light greenish gray, pyritifer-
ous. 
30 Shale, clayey, light gray. 
29 Clay, light to medium gray, with some 
reddish brown staining, somewhat 
shaly, pyrite grains from 174.5-
175.4. 
28 Clay, light to medium gray, mottled 
with reds and browns, some slightly 
calcareous areas . 
27 Clay, light to medium gray, some iron 
stains, grading into medium gray platy 
shale towards base . 
26 Shale, medium to dark gray, platy, 
silty in lower 1.4 feet . 
Mineral Formation 
25 Coal (Mineral ) . 
24 Clay, light to medium gray, with some 
































De pth to top 
(fe et) 
23 Clay, light gray to light greenish 
gray, some iron stains, silty, very 
slightly calcareous. 
22 Shale, light gray to light greenish 
gray, clayey in upper part, laminated, 
some iron straining, some calcareous 
intervals. 
21 Shale, medium greenish gray to dark 
gray, silty at top; clayey with some 
marcasite towards base . 
Scammon Formation (absent?) 
20 Coal (Tebo). 
19 Clay, dark gray at top to light gray 
towards base, some marcasite replaced 
plant remains, silty , some bituminous 
streaks, some iron alteration. 
18 Clay, medium gray, contains much coaly 
material, some marcasite replaced 
plant remains. 
17 Clay, light to medium gray, slicken-
sided, carbonaceous, marcasite near 
top, some iron staining, lower .4' 
shaly. 
Weir Formation 
16 Shale, dark gray, carbonaceous in 
part, thinly laminated, some pyrite-
marcasite. 
15 Shale, medium to dark gray, clayey, 
laminated in part, some large pyrite 
nodules. 
14 Clay, light greenish gray to light 
gray, very slightly calcare ous; some 
sand grains, subrounded; iron staining 
at 206.3 (SOME CORE LOSS). 
13 Sandstone, medium light gray, medium 
grained, contains dark gray clay-


























Depth to top 
(feet) 
12 Shale, light to medium greenish gray, 
thinly laminated, clayey, some sand 
lenses, pyrite, iron staining, some 
slightly calcareous intervals 
(SOME CORE LOSS) . 
11 Shale, medium to dark gray, inter-
bedded with light gray to tan fine 
grained sandstone, some iron stain-
ing and pyrite crystals in cavities. 
10 Sandstone, medium tan, medium grained, 
rounded to subrounded. 





St. Louis-Ste. Genevieve Formation (?) 
8 Chert, white to very light gray, 
brecciated, containing sand, clay, 
and coal particles . 
7 Conglomerate; sandstone, light olive 
gray, medium grained; chert, medium 
gray; limestone, light gray; and 
coal; cemented with a sandy light 
gray to olive gray clay. 
6 Limestone, very light gray, fine ly 
crystalline; ~ " sandstone interval at 
base, light gray, fine grained . 
5 Lime stone, v e ry light gray, finely 
crystalline, interbedded with greenish 
gray clay. 
4 Sandstone, light gray, fine grained, 
very calcareous. 
3 Limestone, very light to medium light 
gray, brecciated, filled with fine 
grained, light gray sand and light 
greenish gray clay . 
2 Limestone, light gray, lithographic, 
























Depth to top 
(feet) 
filled vugs. }z " medium grained, very 
light gray sandstone interval 4" from 
top, brecciated below sandstone inter-
val. 
1 Limestone, very light to medium light 
gray, finely crystalline, fos si lif -
erous with some small calcite-filled 









DRILL HOLE NO. 2 
NW~, SW~, SW~ sec. 18, T. 56 N., R. 17 W.; 4 miles west 





Depth to bedrock 





70 . 4' 
126.4' 
196.1' 
33 Limestone, light gray, finely 
crystalline with some sand, thin 
bedded, stylolitic, fusulinids, 
rubble at base . 
32 Limestone, light gray, brecciated, 
medium gray to grayish black shale 
filling. 
31 Siltstone, medium light gray, thin 
bedded, shaly at top, becoming blocky 
and calcareous near base . 
30 Siltstone, dark gray, thin bedded, 
sandy intervals 1" + thick, thin 
limestone lens at 79.9'; gradational 
with overlying unit. 
29 Siltstone, medium gray, thin bedded, 
some pyrite with iron staining . 
28 Shale, medium dark gray , somewhat 
silty at top, slickensides 
Croweburg Forma tion 
27 Coal (Croweburg, S-2). 
26 Clay, light to dark gray, bituminous 
material at top, contains light to 
medium tan clay balls b e low 116.4', 
calcareous near base . 
25 Limestone, light to me dium gray, 
interbedded with light gray clay . 























24 Clay, light greenish gray, calcar-
eous, with some pyrite . 
23 Siltstone, light greenish gray, 
argillaceous, some pyrite and medium 
brown limestone nodules. 
22 Shale, silty, medium grayish green, 
thin bedded, some limestone nodules 
and pyrite; very calcareous interval 
from 226.5 - 226.8 , light grayish 
green. 
21 Shale, clayey, red and green mottled, 
calcareous, contains some limestone 
pellets. 
Fleming - Mineral Formation 
20 Coal streak, shaly, dark gray to 
black. 
19 Shale, clayey, light gray to light 
greenish gray, somewhat mottled, 
calcareous, some limestone lenses, 
.1' coal streak at 139.5 . 
18 Shale, medium gray, thin bedded; some 
light gray sand lenses . 
Scammon Formation 









inte rbedded with dark gray shal e . 147.8 
16 Sandstone, light gray, fine grained; 
dark gray shaly stringers, some pyrite 
and iron stains. 149.0 
15 Sandstone, light gray, medium grained, 
micaceous, calcareous, interbe dded 
with dark gray shale in bottom 1.1'. 150.9 
14 Shale, medium to dark gray, thin 
bedded, slightly calcareous; .4' sandy 
interval beginning at 156.1', much 
iron staining from 157.5 to 157.9. 154.2 
13 Siltstone, greenish gray, thin bedded, 
iron stained; interbedded with sandy 
intervals beginning at 162.5', pyrite 
















Depth to top 
(feet) 
12 Sandstone, light gray, fine grained, 
interbedded with dark gray shale, some 
crossbeds, some pyrite with iron 
staining . 166.5 
11 Siltstone, light to medium gray, thin 
bedded, light gray calcareous sand-
stone lenses . 173.1 
10 Sandstone, light gray, fine grained, 
interbedded with dark gray shale, 
crossbedded, pyrite and iron staining, 
lower 1.5' slightly calcareous and 
more coarsely grained. 174.3 
9 Siltstone, sandy, light to medium 
light gray, some pyrite. 181.0 
Tebo Formation 
8 Shale, light to medium gray, upper 3' 
very clayey; lower 2' dark gray and 
thin bedded, pyrite. 182.5 
7 Clay, greenish gray to dark gray, 
somewhat shaly near base, grades into 
unit below . . . . . 187.7 
6 Siltstone, medium dark gray. . 188.9 
5 Shale, medium dark gray, interbedded 
with light gray calcareous sandstone 
lenses . 189.2 
4 Shale, medium dark gray, clayey. 189.8 
3 Sandstone, light gray, very find grain-
ed, interbedded with dark gray shale, 
large marcasite nodules at base. 190.3 
Weir Formation 
2 Coal, large marc as ite nodules (Weir-
Pittsburg, S-3). 
1 Clay, light greenish gray to medium 
gray, top .2' dark gray, some bitumin-
ous material, upper 2.3' contains sandy 
and pyritiferous intervals, lower 2.3' 
190.7 
















DRILL HOLE NOo 3 
NE~, NW~, NW~ sec. 10, T. 59 N., R. 19 W.; 




Depth to bedrock 
(probably went 
Depth in bedrock 
Total depth 







Lagonda Formation Depth to top 
(feet) 
51 Siltstone, light gray, sandy and 
micaceous near top of unit and 
becoming clayey towards base, bitu-
minous streaks, iron stains. 
50 Clay, gray to black, silty, with some 
sand near base, thinly laminated . 
49 Sandstone, medium light gray, fine 
grained, very micaceous, calcareous, 
bituminous streaks, clay bands at 
base . 
48 Siltstone, light to dark gray, mica-
ceous, thinly laminated, bands of clay 
and fine sand intermixed, somewhat 
crossbedded. 
47 Shal e , light and dark gray lamination, 
micaceous, some bituminous material. 
Bevier Formation 
46 Shale, dark gray to black, clayey 
towards middle, carbonaceous towards 







45 Shale, black, carbonaceous, calcar-
eous shell fragments, some fern fossils 
and slickensides . 248.3 
44 Clay, greenish gray, hard, containing 
bituminous material near top and 
towards bottom, has a somewhat rubbly 












Depth to top 
(feet) 
43 Siltstone, light greenish gray, 
hard, micaceous, becoming somewhat 
sandy towards base . 
42 Clay, light greenish gray, softer 
towards base . 
41 Shale, light gray, soft, silty, 
laminated darker and more clayey 
towards base . 
40 Clay, dark greenish gray, yellowish 
gray, and some light brownish gray 
mottled, slightly conglomeritic, 
brittle. 
39 Shale, grayish green, hard, slick, 
darker and carbonaceous at base. 
38 Clay, brownish gray to grayish black 
at top, brittle, bottom grayish green, 
brown, yellow, purple mottled, slick, 
harder at base . 
37 Clay, light grayish green, yellow, 
brown, red mottled, some iron stains, 
rubbly texture . 
36 Clay, dark yellowish brown and green 
mottled, slickensides, soft. 
(LOSS OF 2.2') 
35 Shale, light greenish gray, with 
brown and purple streaks, laminated, 
hard, iron stains, slightly calcar-
eous, bottom j_2 mottled . 
34 Shale, light greenish gray, hard, 
silty in parts, clayey towards base. 
Verdigris Formation 
33 Clay, dark gray and brown to black, 
rubbly, soft, brittle, contains 
organic matter . 
32 Limestone, dark greenish gray at top, 
grading to light gray to white at base, 




























Depth to top 
(feet) 
31 Clay, dark yellowish brown to 
greenish gray, slickensides, some-
what rubbly. 
30 Clay, pale yellowish green and olive 
gray, brittle, somewhat darker towards 
base . 
29 Clay, light gray, brittle, contains 
small pyrite pellets towards base. 
28 Clay, medium light gray, somewhat 
mottled, hard, slickensides, 
(LOSS OF 4.2') . . ... 
Lower Cabaniss Subgroup (Undifferentiated) 
27 Shale, medium gray, lighter at top, 
somewhat silty, bottom .6' containing 
light olive gray clay balls. 
26 Siltstone, medium gray to white, 
thinly laminated, wavy bedding, 
organic matter . 
25 Siltstone, medium gray, organic 
matter . 
24 Siltstone, medium gray to white, 
thinly laminated, wavy bedding, 
organic matter . 
23 Siltstone, medium gray, some lighter 
bands, light olive gray clay ball in 
middle of interval . 
22 Siltstone, very light gray, with 
darker gray bands, wavy bedding, 
organic matter . . ... 
21 Siltstone, medium to dark gray, 
carbonaceous streaks at 328.9' and 
337.2' . 
20 Siltstone, light gray, cal careous from 
344.4' to 344.6' 































Depth to top 
(feet) 
18 Shale, medium to dark gray, some-
what silty, organic matter at top. 
17 Siltstone, light gray, iron stains 
16 Siltstone, medium to light gray, some 
lamination, containing clay balls. 
Krebs Subgroup (Undifferentiated) 
15 Sandstone, light gray, coarse grained, 
organic matter . 





matter . 389.4 
13 Shale, medium to dark gray, clayey, 
brittle. 390.6 
12 Sandstone, black, "asphaltic" fine 
grained, micaceous . 392.1 
11 Siltstone, light to dark gray, lami-
nated, very micaceous, some organic 
rna t t e r • 3 9 2 • 7 
10 Sandstone, light gray, medium grained, 
with organic matter. 396.9 
9 Shale, dark gray to black, conglom-
eritic, with marcasite nodules, clay 
balls, and organic matter. 398.0 
8 Clay, yellowish gray, silty, hard, 
some marcasite nodules, more silty 
and organic a t base. 399.3 
7 Sandstone, medium gray to black, very 
organic, containing marcasite, conglom-
eritic at base . 406.2 
6 Shal e , light and dark gray to black, 
laminated, light olive clay balls, 
marcasite nodul e s, silty and conglom-
eritic at top, slickensides, silty . 407.8 
5 Clay, dark gray to black, containing 
light olive gray clay balls at top, 
slickensides, small coal pocket at 
412', coal streaks at 417.5' and 418' 

















at base with large tan clay balls 
and sulfide nodules. 
4 Sandstone, light greenish gray and 
light olive gray, medium grained, 




Ste. Genevieve Formation 
3 Chert, white to light gray, vuggy. 
2 Sandstone, white to light greeni sh 
gray, medium grained, marcas ite 
nodules, very calcareous . 
1 Sandstone, light gray, cal c a re ou s , 
with white to light gray lime s t one 
nodules, bottom 4" is lime ston e and 
light greenish gray clay . 















DRILL HOLE NOo 4 
SE~, SE~ , NE~ sec. 7, T. 63 N. , R. 18 W.; 
just north of Green City Sullivan County, Missouri 
Collar elevation 
Depth to bedrock 








Pleasanton Group De pth to top 
(f e et) 
83 Siltstone, greenish gray with brown 
iron stains. 
82 Siltstone, tan and b rown to medium 
light gray , sandy, some crossbedding, 
iron stains, some organic matter at 
base 
81 Siltstone, greenish gray with dark 
gray stringers, very sandy, grades 
into sandstone toward base, organic 
stringers and marcasite in bottom 7' 
80 Coal with interbedded siltstone, clay 
and marcasite nodules. 
79 Siltstone, light greenish gray, 
calcareous, with coal stringers, 
marcasite nodules. 
78 Conglomerate; limestone, siltstone, 
clay balls, some coal especially at 
top and base, some marcasite nodules 
77 Sandstone, greenish gray, coal string-
ers and large clay ball at top, organic 
matter, iron stains. 
76 Siltstone, light to medium gray, 
several light gray sandstone intervals, 
crossbedded. 
75 Sandstone, light greenish gray, 
medium grained, 2" of organic material 
at 176', small tan clay balls at base. 






























73 Limestone, light gray, fossiliferous, 
stylolitic at top. 
72 Limestone, with greenish gray clay, 
shelly intervals, some fusilinids. 




71 Limestone, light gray, fossiliferous . 182.4 
70 Shale, greenish gray, calcareous with 
some limestone . 
69 Shale, greenish gray with some light 
olive gray laminations, slightly 
calcareous . 
68 Limestone, medium gray to light olive 
gray, fossiliferous, coal smut at 
185 I • 
67 Clay, greenish gray, calcareous. 
66 Limestone, light gray, with some 
greenish gray clay intermixed. 
Nowata Formation 
65 Clay, greenish gray, ca lcareous. 
64 Clay, greenish gray, with limestone 
pellets. 
63 Shale, light greenish gray to dark 
gray, calcareous . 
Altamont Formation 
62 Limestone, light gray, and shale, 
greenish gray intermixed . 
61 Shale, mottled greenish gray and 



























Depth to top 
(feet) 
60 Limestone, light gray, and shale, 
greenish gray interbedded. 196.4 
59 Shale, greenish gray to dark gray, with 
6" mottled interval, calcareous. 196.9 
58 Limestone, light gray, finely 
crystalline. 198.8 
Bandera Formation 
57 Shale, greenish gray to brownish gray, 
calcareous, clayey, with limestone 
nodules and shell fragments, micaceous 
and more fossiliferous towards middle. 
56 Clay, light brownish gray, slightly 
calcareous . 
55 Shale, greenish gray, fossiliferous, 
laminated, calcareous. 
Pawnee Formation 
54 Limestone, white to light greenish 
gray, finely crystalline, fossili-
ferous . 
53 Shale, greenish gray, very calcareous, 
fossiliferous, containing 2 }-2" lime-
stone nodule . 
52 Shale, light gray, greenish gray, 
yellowish gray, brown mottled, some 
lamination, fossiliferous and calcar-
eous at base . 







fossiliferous, finely crystalline. 210.4 
50 Shale, greenish gray, cal c areous, 
fossiliferous, containing l imestone 
nodules. 211.8 
49 Limestone, light greenish gray, fossil-
iferous, finely crystalline. 213.0 


















Depth to top 
(feet) 
47 Shale, grayish black with greenish 
gray clay, slightly calcareous, thinly 
laminated. 
46 Clay, greenish gray, slickensides, 
slightly calcareous limestone nodules 
at base. 
Fort Scott Subgroup 
Higginsville Formation 
45 Limestone, light gray to light greenish 
214.8 
216.0 
gray, dense, somewhat fossiliferous. 217.7 
Little Osage Formation 
44 Clay, top ~ greenish gray; botton ~ 
dark gray. 
43 Siltstone, light greenish gray to 
medium gray, slightly calcareous, 
limestone and sandstone lenses, 
marcasite nodules, bottom ~ laminated 
and crossbedded. 
42 Shale, medium to dark gray, large 
marcasite nodule near top, very 
slightly calcareous. 
41 Limestone, medium gray, very fossil-
iferous, shaly . 
40 Shale, dark gray to black, fossil-
iferous, containing some limestone 
lenses and marcasite nodules . 
39 Shale, medium to dark gray, very 
fossiliferous at top, calcareous 
throughout . 
38 Clay, light to dark gray, calcareous, 
limestone nodules at base. 
Blackjack Creek Formation 
37 Limestone, medium gray to light olive 
gray, finely crystalline . 
36 Clay, greenish gray, calcareous, 
containing limestone nodules and 

























De pth to top 
(f ee t) 
35 Limestone, light gray, finely 
crystalline, fossiliferous . 
34 Clay, medium to dark greenish gray, 
calcareous, with some limestone 




33 Shale, dark gray to grayish black, 
interbedded with light olive gray clay 
lenses and balls, slightly calcareous 
around clay lenses . 
Mulky Formation 
32 Clay, medium gray, slickensides, 
slightly calcareous, some light olive 
gray clay balls. 
Lagonda Formation 
31 Siltstone, greenish gray, clayey, some 
lamination, calcareous lenses at 274' 
and 277', pyrite pellets from 274'-
276.3', smaller particles at other 
places in interval . 
30 Shale, greenish gray, clayey in places, 
calcareous lenses at 278.3' and 278.8', 
some pyrite particles; becoming 
laminated, gray and tan towards bas e . 
29 Shale, medium to dark gray, some black, 
with organic material near base, 
"asphaltic" sand in bo t t om .7' 
Bevier Formation 
28 Coal, (Bevier, S-4). 
27 Clay, light gray, with organic matter, 









.25' coal at base. 296.6 
26 Clay, dark gray, slickensides. 302.3 
25 Siltstone, light to medium gray, clayey 















24 Sandstone, light gray, calcareous, 
Depth to top 
(feet) 
fine grained, very micaceous, laminated 
with medium to dark gray shale in 
bottom 5'. 305.0 
Verdigris Formation 
23 Coal (Wheeler, S-5). 313.2 
22 Clay, medium gray, slickensides. 314.5 
21 Clay, medium gray with limestone pellets 
increasing in size towards base. 316.0 
20 Limestone, medium to dark gray, dense, 
with limestone pellets intermixed with 
clay at base, fossiliferous. . 318.8 
19 Shale, medium greenish gray to dark 
gray, calcareous, fossiliferous, with 
pyrite particles, laminated, some 
small limestone pellets. 319.8 
18 Limestone, light gray, finely crystal-
line, very pyritiferous especially at 
top and base . 320.5 
17 Siltstone, light greenish gray, very 
fine grained, occasional pyrite, 
grading into medium gray shale towards 
base . 320.8 
Croweburg Formation 
16 Coal (Croweburg, S-6). 356.9 
15 Clay, medium gra y, organic matter 
towards top, limestone pellets towards 
base . 358.6 
14 Limestone, light to medium gray, cl ayey, 
with pyrite and brown c al c i t e cavit ies 361.7 
13 Shale, me dium gray, pyritife rous, 
calcareous . 363.7 
12 Limestone, light gray, vuggular with 
me dium gray clay filling, pyritiferous 365.1 
11 Clay, medium to dark gray, grading to 


















Depth to top 
(feet) 
10 Siltstone, light greenish gray; sandy, 
fine grained; pyritiferous . 
9 Clay, light greenish gray, silty at 
top, grades to dark greenish gray. 
8 Limestone, light to medium olive gray, 
gypsum at top. 
Fleming Formation 
7 Shale, dark gray to dark greenish gray, 
some limestone and clay nodules, pyrite 




towards base . . 373.2 
6 Clay, light greenish gray, mottled, 
shaly at base. 374.2 
5 Clay, medium gray to black, shaly near 
base . . 375.4 
Robinson Branch Formation 
4 Clay, light yellow-brown, very 
slightly calcareous, coal streak at 
top .. 
3 Clay, yel lowish gray to grayish blue 
green, very calcareous, limestone 
fragments at base. 
2 Limestone, light olive gray to gray, 
containing cavities of brown calcite . 
1 Clay, medium gray, but mixed with 
yellowish gray limestone nodules in 


















DRILL HOLE NO. 5 
SEt, SEt, SE~ sec. 26, T. 63 N., R. 21 W.; 
4 miles northwest of Milan, Sullivan County, Missouri 
Collar elevation 
Depth to bedrock 








Pleasanton Group (?) Depth to top 
(feet) 
67 Clay, grayish red, light to moderate 
olive gray, and grayish brown mottled 
(primary colors), brittle ...... . 
66 Clay, moderate to dark greenish gray, 
shaly, coal smut at top. 
65 Clay, moderate greenish gray and dark 





64 Shale, greenish gray, somewhat clayey. 
Lenapah Formation 





brown limestone pellets (2-3 mm) 168.2 
62 Limestone, medium light gray, finely 
crystalline, fossiliferous, somewhat 
shaly at base. . . . . 170.5 
61 Shale, greenish gray to greenish black, 
calcareous, slightly laminated . 173.4 
60 Limestone, greenish gray, finely 
crystalline, fossiliferous, shaly, 
especially at base . . . . . 174.2 
59 Shale, clayey, medium to dark greenish 
gray, bituminous material, calcareous, 
coal smut at top . . . . . . . . . 175.1 
58 Limestone, clayey, greenish gray, 














Depth to top 
(feet) 
Nowata Formation 
57 Clay, greenish gray, very calcareous 
at top, grades into medium dark 
greenish gray and less calcareous 
towards base . 
Altamont Formation 
56 Limestone, medium light gray, top .3' 
very clayey, fossiliferous, becoming 
very clayey towards base 
55 Shale, greenish gray with some medium 
gray, calcareous, somewhat laminated; 
very fossiliferous, brachiopods; 
becoming silty towards base, gypsum 
crystals at base . 
54 Limestone, light gray, fossiliferous 
Bandera Formation 
53 Shale, me dium light gray to greenish 
gray, fossiliferous near top, calcar-
eous, grading to grayish purple and 
greenish gray towards base 
52 Shale, gree nish gray, grayish green 
to dusky green, v e ry calcarEous, v e ry 
fossiliferous from 190' to 192.6'. 
Pawnee Formation 







argillaceous . 192.6 
50 Shale, greenish gray to dark gre enish 
gray, calcareous, two very fossilif e rous 
intervals. 193.0 
49 Shale, claye y, gre enish gray at top, 
grading into mottled and back to 
gr e e n ish gray at base, brown organic 
remains at bas e . 
48 Limestone, light olive gray to 

















Depth to top 
(feet) 
47 Siltstone, greenish gray, calcareous, 
fossiliferous, containing gypsum, 
darker and less silty towards base 
46 Shale, dark gray to black, fissile 
Labette Formation 
45 Clay, light gray, very calcareous, 
containing limestone pellets; thin 
coal with marcasite nodules at top 
Fort Scott Subgroup 
Higginsville Formation 
44 Limestone, light olive gray to 
greenish gray, argillaceous at top, 
fossiliferous, silty towards base. 
Little Osage Formation 
43 Siltstone, light gray, some iron 
stains, laminated, pyrite particles, 
some yellowish gray clay balls, some 
crossbedding . 
42 Shale, medium to dark gray, micaceous, 
very slightly calcareous, some gypsum, 
very fossiliferous in lower .9'. 
41 Limestone, medium to light olive gray, 
argillaceous, fossiliferous. 
40 Shale, dark gray to black, pyritiferous, 
fossiliferous, laminated with calcar-
eous lenses and bands, some gypsum . . 
39 Shale, medium dark gray, fossiliferous, 
some silty layers, very calcareous 
Blackjack Cre e k Formation 
38 Clay, light gray, very calcareous, 
shaly, some organic matter and lime-
stone nodules, grading to greenish 
gray with more and larger lime stone 
nodules towards base . 
































36 Shale, light gray to light olive gray, 
fossiliferous, very calcareous . 
35 Clay, shaly, greenish gray to medium 
gray, some lamination, limestone 
pellets and light olive gray clay 
lenses near base . 
34 Shale, dark gray, laminated, clay 
lenses, some small limestone pellets, 
sandy and more laminated at base . 
33 Shale, greenish gray to dark gray, 
calcareous lenses in middle, thinly 
laminated at top . 
Mulky Formation 
32 Clay, medium gray to greenish gray, 
much organic matter at top, slightly 
micaceous, some pyrite and limestone 
nodules. 
Lagonda Formation 
31 Siltstone, greenish gray, some lime-
stone nodules and pyrite particles, 
darker and less silty towards base, 
grades into unit below . 
30 Shale, greenish gray, dark greenish 
gray, to medium dark gray at base, 
slightly silty . 
29 Sandstone, light gray to greenish gray, 
fine grained, mixed with micaceous 
clay, some bituminous matter, coal 
streaks at top . 
28 Siltstone, light gray to greenish gray 
27 Sandstone, medium gray to greenish 
gray, medium grained, slightly 
calcareous, some pyrite particles, 





























36 Shale, light gray to light olive gray, 
fossiliferous, very calcareous . 
35 Clay, shaly, greenish gray to medium 
gray, some lamination, limestone 
pellets and light olive gray clay 
lenses near base . . . . . . . • . 
34 Shale, dark gray, laminated, clay 
lenses, some small limestone pellets, 
sandy and more laminated at base . 
33 Shale, greenish gray to dark gray, 
calcareous lenses in middle, thinly 
laminated at top . 
Mulky Formation 
32 Clay, medium gray to greenish gray, 
much organic matter at top, slightly 
micaceous, some pyrite and limestone 
nodules. 
Lagonda Formation 
31 Siltstone, greenish gray, some lime-
stone nodules and pyrite particles, 






grades into unit below . . 251.8 
30 Shale, greenish gray, dark greenish 
gray, to medium dark gray at base, 
slightly silty . 263.6 
29 Sandstone, light gray to greenish gray, 
fine grained, mixed with micaceous 
clay, some bituminous matter, coal 
streaks at top . 266.9 
28 Siltstone, light gray to greenish gray 269.7 
27 Sandstone, me dium gray to greenish 
gray, medium grained, slightly 
calcareous, some pyrite particles, 














Depth to top 
(feet) 
26 Siltstone, light to medium gray, 
laminated, some marcasite lenses 
and pellets, some organic matter, 
grades into unit below . 278.2 
25 Shale, light to medium gray, laminated, 
marcasite, .05' yellowish gray inverval 
at 291', yellowish gray clay balls in 
last 6'. 287.8 
Bevier Formation 
24 Coal (Bevier, S-7) . 
23 Clay, medium light gray, organic 
material, micaceous. 
22 Siltstone, medium light to medium dark 
gray, laminated, organic matter, 
marcasite. 
21 Siltstone, medium dark to dark gray, 
laminated. 
20 Shale, dark gray to black, slightly 
calcareous in places, fossiliferous, 
yellowish gray clay balls, marcasite 
and pyritized fossils, plant remains . 
Verdigris Formation 
19 Coal, brownish black, calcite cleats 
(Wheeler). 







organic matter . 313.6 
17 Clay, medium light gray, with lime-
stone nodules, some marcasite, silty 
towards base, slickensides . 315.8 
16 Limestone, light olive gray to greenish 
gray, sli ghtly pyrit i ferous and 
fossilif e rous, very argillaceous 318.1 
15 Shale, light olive gray to greenish 
gray, very calcareous and fossiliferous 319.6 
14 Shale, medium dark gray to greenish 

















De pth to top 
(feet) 
13 Shale, medium light gray to gr e enish 
gray, calcareous with fossils and 
many limestone pellets, more sandy 
and fossiliferous towards base . 
12 Siltstone, medium light gray to dark 
gray, slightly calcareous, some pyrite, 
less silt and more calcareous towards 
base . 
11 Limestone, medium dark gray, shaly at 
top, some fossils. 
10 Shale, grayish black to black, with 
limestone lenses and bands, some 
pyrite and gypsum, fossiliferous, 
concentration of pyrite at base. 
9 Shale, medium light gray, some brown 
and black organic material, pyritized 
shells . 
Croweburg Formation 
8 Coal (Croweburg, S-8). 
7 Clay, very light to medium light gray, 
organic matter, limestone pellets 
start at 338' and continue to base, a 
large limestone nodule (.4' long) at 
base, grades into unit below . 
6 Shale, medium gray , clayey cal ca r e o u s , 
with lime stone nodules, pyriti f erous . 
Fleming Formation 
5 Shale, me dium dark to dark gray. 
4 Clay, light gray, sandy, hard, small 
pyrite particl e s, some calcareous 
intervals. 
3 Lime stone , very light g ray to 
yellowish gray, s a ndy. 
Robinson Bra nch Forma tion 
2 Clay, light gray to gre e nish gray, 
getting darker towards base, 




























Mineral Formation (?) 
1 Clay, medium light gray near top, 
mottled below, bituminous layer at 
top, slickensides. 







DRILL HOLE NOa 6 
SW~, SE~, SW~ sec. 35, T. 65 N., R. 25 W.; 
at Goshen, Mercer County, Missouri 
Collar elevation 
Depth to bedrock 








Pleasanton Group Depth to top 
(feet) 
166 Sandstone, yellow gray to green gray, 
fine grained micaceous, some lamina-
tion, becoming more brown in bottom 
3 I • 
165 Siltstone, light gray, very sandy, 
fine grained and micaceous, laminated, 
grayish black carbonaceous layers in 
upper 8' and 274.5-280, some brown 
iron stains, bot tom 2 ;-:2 " coarser 
grained and very calcareous . 
164 Siltstone, light gray to light green-
ish gray, very fine grained, shaly, 
laminated with medium light gray, 
some crossbedding, marcasite and 
iron stains . 
163 Siltstone, medium greenish gray, 
sandy, fine grained, slightly 
calcareous, with bituminous material. 
162 Shale, medium gray, micaceous, lami-
nated, some plant fragments, some 
marcasite with iron stains, some 
concretions . 
161 Sandstone, light greenish gray to 
yellowish gray, fine to medium 
grained, very micaceous, some bitumi-
nous streaks and iron stains, sligh tly 
calcareous, carbonaceous a t 298.5 and 




















De pth to top 
(feet) 
160 Conglomerate, limestone and clay 
nodules in sandstone matrix, many 
pebbles are elongate and subangular, 
some medium gray shale nodules and 
bituminous material, some pyrite; 
1" greenish gray, medium grained 
sandstone layer at 311.8' 310.6 
159 Clay, light bluish gray to greenish 
gray, some faulting near top, contains 
yellow gray to very light gray lime-
stone nodules . 313.5 
Appanoose Subgroup 
Bandera Formation 
158 Shale, light bluish gray, micaceous; 
some lamination, increasing towards 
base; pyrite and iron staining at 
321.1', some clayey intervals . 
157 Shale, bluish gray to light olive 
gray, with some medium gray laminations, 
some thin calcareous veins, some areas 
mottled and becoming darker towards 
base. 
156 Shale, medium gray to greenish gray, 
laminated, contains red ironstone 
concretions in upper ~ of u n it, some 
dusky yellow to light olive gray 
clayey interva l s , bitumino u s material 
and pyrite at 33 6 .3', slightly cal-
careous and mo r e f issile i n l ower 
1. 6 I • 
Pawnee Formation 
155 Limestone, me dium light gray to v e ry 
light gray, fine gra ined, very fossil-
iferous, brachiopods, lower 3" shaly 
317.2 
327.6 
3 30 .2 
and more fossilif e rous. 338.1 
154 Shale, gre enish gr ay, up pe r and lowe r 
2" calcare ous, clay e y . 
153 Limestone, dark gray to very light 
gray, very shaly a nd bituminous, 














Depth to top 
(feet) 
La bette Formation 
152 Coal, much fusain . 
151 Clay, dark gray to light olive gray, 
with some bituminous material . 
150 Coal. 
149 Clay, medium dark gray, coal particles 




to light gray towards base. 343.2 
Fort Scott Subgroup 
Higginsville Formation 
148 Limestone, light to very light gray, 
fossiliferous, fusilinids in upper 
1/3, calcite crystal cavity at 348.1', 
upper 1' more coarsely grained; sha ly 
from 351' to base, grades to unit 
below . 
Little Osage Formation 
147 Clay, greenish gray to light greenish 
gray towards base, some limestone 
pellets, pyrite, laminated with light 
olive gray, more shaly from 354.3' to 
base becoming more micaceous towards 
base. 
146 Siltstone, light bluish gr a y to light 
gr eenish gr a y, inte rbe dd e d with f ine 
to me dium graine d sandstone and cl a y , 
l aminat e d, very ca lcareous in pl a c es , 
contains some cl a y and lime stone 
l e ns e s. 
145 Siltstone, medium gra y , i n te r b e dd e d 
with lime stone be ginn i n g at 370. 7' , 
s ome mod e r a t e y c i lowi sh b r own c l ay 
l e ns es . 
144 Lime stone, me dium g r ay to gr eenish 
gr a y, v e r y f os siliferous and sha l y . 
143 Sha l e , mo ttl e d , l ight gree ni sh gray, 
me dium to d a r k gray, v e r y calcar e o us, 
claye y, some f ossils. 
347.1 
352.2 
3 57. 5 
















Depth to top 
(feet) 
142 Shale, dark gray, bituminous, slightly 
calcareous, containing limestone 
lenses, some fossils, more fossil-
iferous near base, laminated. 373.2 
141 Limestone, medium dark gray, very 
fossiliferous, brachiopods. 
140 Shale, medium dark to dark gray, 
bituminous, some coal streaks, very 
calcareous, containing medium gray 
limestone lenses. 
139 Clay, medium gray, slick, some bit-
uminous material. 
138 Clay, light olive gray to medium 
greenish gray, very calcareous, 
shaly, some limestone pellets, 
slightly silty towards base, some 
pyrite near base, lower 1.2' only 
slightly calcareous . 
137 Clay, light to medium greenish gray, 
very calcareous, small limestone 
pellets, silty, some pyrite . 
Blackjack Creek Formation 
136 Limestone, light to medium gray, 
interbedded with some light greenish 
gray clay, some fine grain ed pyrite, 
becoming claye y at base . 
135 Clay, light greenish gray, calcare ous, 
with small (1 mm) white limestone 
pell e ts, slightly silty . 
134 Limestone, very ligh t gray to light 
greenish gray, inter bedded with some 
clay. 
133 Shale, mass ive (or dolomite) light 
greenish gray to very light gray, 
calcareous, silty, slightly f ossil-









gray interval at base . 384.8 
132 Limestone, light gray to light greenish 




















131 Shale, light greenish gray to dark 
gray, becoming darker towards base, 
mottled, some lamination, fossil-
iferous, slightly calcareous, 
yellowish gray clay lenses in lower 
~ ' some lamination. 
130 Shale, dark gray to grayish black, 
interbedded with light gr e enish 
gray to yellowish gray calcareous 
clay lenses . 
129 Shale, light gre enish gray, very 
calcareous. 
128 Shale, dark gray to grayish black, 
very similar to unit at 393.5' e x c e pt 






127 Coal, clayey. 394.9 
126 Shale, clayey, medium dark to dark 
gray, bituminous, some lamination with 
yellow gray clay, calcareous. . 395.1 
125 Coal, clayey. 395.7 
124 Clay, greenish gray, calcare ous, l a rge 
coal particl e s n e ar top (probably 
from previous run) bituminous streaks , 
coal streak at 397.3', large amount 
of iron staining from 397.6-398.6', 
contains lime stone pe llets (5-20 mm) 
which increase in number towards base 395.9 
Lagonda Formation 
123 Siltstone, light gray, cl a y ey, some 
limestone pe ll e ts . 
122 Siltstone, light greenish gray, inter-
bedded with calcare ous light gray shale, 
400.1 














Depth to top 
(feet) 
121 Clay, light greenish gray, with 
l" limestone nodules. 
120 Siltstone, light greenish gray, some 
lamination in upper 1', with medium 
grained mica, slightly calcareous, 
limestone nodules and brown clay balls 
404.3 
at base . 405.0 
119 Siltstone, medium dark gray to light 
greenish gray, laminated in upper 
.4' and below 408.8', some calcareous 
lenses and small limestone nodules, 
l k2 " sandy interval with pyrite and 
iron staining at 408' 407.6 
118 Shale, greenish gray, some yellowish 
gray clay lenses, somewhat laminated, 
some pyrite grains and calcareous 
areas in lower ~ ' lower 1~' clayey. 412.0 
117 Limestone, light greenish gray to 
yellowish gray, some iron staining, 
upper 1" very clayey, pryitic at 
base and near top • 419.9 
116 Shale, medium gray to light greenish 
gray, silty, some lamination, pyrite, 
contains sandy calcareous lenses. 
115 Sandstone, light gray to light green-
ish gray, fine grained, clayey, cal-
careous . 
114 Sandstone, light gray, ve ry fine to 
fine grained, calcareous, inter-
bedded with greenish gray shale, some 
420.5 
421.5 
tan clay ba l ls, pyrite. 421.8 
113 Shale, g r e e nish gray to medium gray, 
laminated with some l ight gray non-
calcareous sandy l enses, small sider-
it e nodules near top, some pyrite, 
1" siderite band at 426.6', becoming 
dar ker and l e ss sandy towards base, 
thin sulfur bands at 430.5' and 430.9', 
interbedded with coal at base . 423.8 














Depth to top 
(feet) 
111 Clay, medium to dark gray . 431.9 
110 Shale, light gray to greenish gray, 
with some .lz;" pyrite nodules, some 
interbedding with dark gray shale, 
bituminous material, silty. . . 432.0 
109 Siltstone, light gray, sandy, fine 
grained, slightly calcareous, some 
bituminous material and pyrite, 3" 
laminated interval 1" from base . 433.0 
108 Siltstone, light gray, similar to 
unit above except much more calcar-
eous. 
107 Siltstone, light greenish gray to 
dark gray, sandy, fine grained, 
laminated in part, some pyrite, 
slightly calcareous, sulfur band at 
436.7' very bituminous from 436.8 to 
434.9 
437.1', and from 438.4 to 438.8'. 435.6 
106 Shale, light to medium gray, laminated, 
slightly calcareous, clayey in part, 
some silt, some pyrite and iron 
staining, siderite bands at 451.5, 
454, 454.4, 455.4, 455.9, 457.6 and 
457.8', darker gray towards base. 439.4 
Bevier Formation 
105 Coal (Bevier, S-9). 459.8 
104 Clay, medium dark to dark gray, 
bituminous. 461.9 
103 Shale, medium gray, clayey, some 
organic material, iron stains, 
laminated in lower ~ ' slightly 
silty . 462.1 
102 Siltstone, light to medium gray, 
laminated, some bituminous material, 
iron staining, 4" sandy interval at 
base. 468.1 
101 Shale, light to medium gray, inter-
bedded with some siltstone, some tan 
clay intervals, clayey near base, 















Depth to top 
(feet) 
Verdigris Formation 
100 Coal, (Wheeler, S-10) 
99 Clay, very light to medium gray, very 
calcareous, contains many large lime-
stone nodules, less calcareous near 
base. 
98 Shale, dark gray, clayey, bituminous, 
some pyrite, slightly calcareous. 
97 Limestone, light gray at top to dark 
gray at base, shaly, some large 
calcite vugs, fossiliferous, some 
pyrite. 
96 Shale, grayish black, very bituminous, 
badly broken. 
95 Shale, dark gray to grayish black, 
calcareous, contains many light gray 
limestone lenses. 
Croweburg Formation 
94 Coal (Croweburg, S-11). 
93 Clay, light to medium light gray, 
bituminous, sandy, fine grained, 
coarser towards base. 
92 Sandstone, very light gray to whit e , 
fine grained. 
91 Sandstone, light to me dium gray, 
silty, some iron stains and bitumin-
ous streak s, moderately calcareous, 
some very s mall limestone nodules 
near top, interbedded with me dium 
light gray shale from 502-502.3'. 
90 Sha l e , very light gray to light 
gre e nish gray, laminat e d, calcar e ous, 
siderite nodules, sl i ghtly silty , 
sandy in places . 
89 Shale, medium light to dark gray , 
laminated, some siderite, very 





























De pth to top 
(feet) 
88 Clay, light to medium gray, inter-
bedded with dark gray shale in upper 
3", some siderite, slightly calcar-
eous near base. 
87 Clay, light greenish gray, hard, very 
calcareous. 
86 Shale, greenish gray to medium gray, 
blocky, hard, some lamination, 
slightly calcareous , becoming darker 
towards base, siderite in lower 2', 
bituminous streak at base 
85 Siltstone, light oliv e gray to light 
green ish gray, some siderite. 
84 Shal e , greenish gray to medium gray, 
laminated, some siderite, slightly 
silty towards base, 2" siderite band 
at base 
83 Shale, medium light gray to dark gr ay, 
laminated, slightly silty, some 
pyrite at base. 
82 Shale, medium dark gray to grayish 
black, some pyrite and siderite, 
laminated, very fossiliferous inter-
val from 530.3-530.6', calcareous in 
part, thin limestone interval at 
532 I. 
Fleming-Robinson Branch Formations 
81 Coal (Fleming , S-12). 
80 Clay, medium light to medium dark 
gray, v e ry slightly calcareous, 
slickensides, some bituminous mat e r-
ial , slightly silty near base . 
79 Siltstone, light to me di um greenish 
gray to light gray, cl a y intermi x ed 
with medium dar k gray c a lc a r eous 
shale, l a minated in part. 
78 Shale, medium bluish gray, gre e nish 
gray to medium gray towards base, 
containing many large limestone 
nodules, pyritiferous, some siderite 


























Depth to top 
(feet) 
77 Limestone, med ium light gray to 
light olive gray, fine grained, 
shaly at top a n d base, fossili fe r-
ous . 
76 Shale, medium gray to grayish black, 
very calcareous , laminated, inter-
bedded with light bluish gray lime-
stone lenses, fossiliferous and 
organic near base . 
Mineral Formation 
75 Coal (Mineral, S-13). 
74 Clay, light to medium dark gray, 
bituminous near top, slickensides, 
some small limestone pellets near 
base. 
73 Siltstone, light bluish gray, small 
limestone pellets . 
72 Siltstone, very light gray, very 
calcareous, interbedded with medium 
light gray shale , very sandy .. 
Scammon Formation 
71 Shale, light bluish gray to light 
gray, slightly calcareous, clayey, 
some pyrite, intermix ed with side rite 
from 556.3' to base . 
70 Limestone, very light gray to light 
olive gray , fossiliferous, some very 
small calcite vugs. 
69 Shale, medium to dark gray, very 
calcareous, fossilif e rous, many small 
limestone l e nses and pellets, pyrit-
iferous at base . 
68 Limestone , light gray to light 
greenish gray, shaly , fossilif e rous . 
67 Shal e , dark gray to grayish black , 
slickensides, slightly calcareous 



























66 Coal, somewhat shaly (Tebo) . 
65 Shale, dark gray to black, slicken-
sides, slightly calcareous. 
64 Clay, light to medium light gray, 
slickensides, some iron staining, 
slightly calcareous . 
63 Limestone, yellowish gray to medium 
gray, vuggy, clayey and sandy, lower 
.5' less vuggy, very distinctive 
unit. 
62 Shale, light greenish gray to light 
olive gray, very slightly calcareous 
to calcareous in lower 2", small 
limestone pellets . 
61 Shale, medium light to dark gray, 
siderite and some fine grained 
pyrite near base. 








60 Clay, light greenish gray, calcareous 570.7 
59 Shale, light to dark gray, slightly 
calcareous, clayey, becoming darker 
towards base. 
58 Shale, dark gray to grayish black, 
with some tan clay, siderite and 
pyrite. 
Weir Formation 
57 Coal, much fusain (Weir-Pittsburg) .. 




silty, bituminous, some pyrite replaced 
plant remains, slightly calcareous .. 579.7 
55 Shale, dark gray to grayish black, 
bituminous, pyrite, very slightly 
calcareous. 
54 Coal. 
53 Clay, medium light to dark gray, 



















Depth to top 
(feet) 
particles in upper 2", some pyrite 
replaced plant fragments. 
52 Shale , light gray, light greenish 
gray to medium gray, slightly 
calcareous, some bituminous material 
and pyrite, much siderite and lami-
nated in lower 4' 
51 Shale, light greenish gray to dark 
gray, mottled, slightly calcareous. 
50 Shale, light greenish gray, slightly 
silty, siderite . 
49 Siltstone, light greenish gray, very 
calcareous, interbedded with greenish 
gray shale, more shaly and much iron 
staining in lower 4.5'. 




47 Limestone, medium gray , very fossil-
iferous, shaly. 
46 Shale, light to medium gray, slightly 
calcareous, siderite in lower 2'. 
Bluejacket Formation 
45 Sandstone, light gray, fine grained, 
silty, interbedded with thin layers 
of carbonaceous material. 
44 Shale, light to medium gray, very 
sandy, becoming darker towards base 
Drywood Formation 
43 Shal e, medium dark to dark gray , 
somewhat silty, some bit uminous 
material. 
42 Shale, medium dark gray to grayish 
black, becoming darker near base, 





























Depth to top 
(feet) 
Rowe Formation 
41 Coal (Rowe, S-14) . 
40 Claystone, light to medium gray, dark 
gray in upper .6'; micaceous and 
sandy, dense, hard; coal and dark 
shale streaks near top; marcasite 
replaced plant remains and concre-
tions; iron stains, some slickensides 
39 Shale, light to medium gray to light 
olive gray, laminated, silty in part, 
some clay balls . 
38 Shale, grayish black to black, silty, 
fissile, some pyrite. 
37 Siltstone, light to dark gray, thinly 
laminated, micaceous, several calcar-
eous intervals, some phosphatic 
concretions, marcasite, several light 
olive gray clay and clay ironstone 
concretions up to 1" in diameter. 
Atokan Series (?) (Undifferentiated) 






nated, some marcasite . 661.1 
35 Coal, (S-15). 663.4 
34 Shale, medium dark to dark gray, 
silty; thinly laminated in part, 
clayey in part, some mar c asite, 
phosphatic concretions and clay balls 
especially near base of unit. 
33 Coal, (S-16). 
32 Clay, medium light to medium dark gray, 
hard, shaly in part, pyrite and 
marcasite replaced plant remains, 
slickensides, micaceous in lower ~ ' 
666.0 
667.7 
(LOSS OF . 9 I) 669. 1 
31 Siltstone, light to medium dark gray, 
lighter in upper 1.4', laminated, 
some organic material, sandy and 
slightly calcareous in part, some 
















30 Siltstone, light olive gray to 
medium dark gray, slightly to 
moderately calcareous, laminated, 
organic matter, marcasite, some tan 
clay balls. 
29 Coal, (S-17). 
28 Shale, dark gray to black, coaly in 
part, many marcasite replaced plant 
remains, slightly micaceous, grades 
into unit below 
27 Siltstone, medium dark gray to light 
olive gray, some marcasite and organic 
matter, especially near top of unit, 
some phosphatic concretions, olive 
gray siderite and ironstone concre-
tions up to 1" in diameter at 686.2' 
and at base 
26 Shale, dark gray to black, thinly 
laminated, some calcareous intervals, 
many elongated olive gray clay iron-
stone concretions, pyrite, slightly 
silty in part; very light to medium 
light gray calcareous sandstone 
interval from 694.4 to 694.7' and 
from 695.5' to base . 
25 Coal. 
24 Siltstone, light gray to greenish 
gray, clayey at top, some organic 
matter and pyrite , da r ker and 
laminated in lower 1.4' 
23 Siltstone, medium light to medium 
dark gray, laminated. 
22 Siltstone, medium light to dark gray, 
very hard and calcareous, some light 
olive gray intervals. 
21 Shale, grayish black to black, mica-
ceous, marcasite, very cal c areous, 
laminated, fossiliferous, especially 
in lower . 5' . 
20 Siltstone, light to medium gray, 

























Depth to top 
(feet) 
yellowish brown clay ironstone 
concretions; marcasite; laminated 
in part, well folded; some coal 
particles; some very light gray 
sandy calcareous lenses . 
19 Siltstone, very light to medium gray, 
more thinly laminated than unit above, 
sandy, some pyrite. 
18 Conglomerate, quartz grains, some 
coal particles, slightly calcareous . 
17 Coal, (S-18). 
16 Clay, medium light to medium dark gray, 
darker towards base; marcasite and 
marcasite replaced plant remains, 





below . 718.9 
15 Shale, dark gray to grayish black, 
laminated and sandy in part, some light 
gray laminations and yellowish brown 
clay ironstone intervals, some pyrite 
and marcasite; light gray, thinly 
laminated siltstone interval very 
similar to unit 19 from 725.3 to 
725.5'; very thinly laminated and 
containing very light gray sandstone 
lenses from 729.6' to base. 720.1 
14 Sandstone, very light to light gray, 
fine grained, light olive gray to 
olive gray clay ironstone concretions 
in upper .6', many bituminous streaks 
throughout unit, slightly micaceous, 
slightly calcareous in part . 730.1 
13 Shale, dark gray to grayish black, 
marcasite, some coaly intervals, 
phosphatic concretions near top, 
thinly laminated. 737.3 
12 Sandstone, whit e to yellowish gray to 
light olive gra y, very fine grained, 
organic matter, iron staining, 2" 
brownish gray clay ironstone concre -













Depth to top 
(feet) 
11 Shale, dark gray to grayish black, 
thinly laminated, many light olive 
gray to olive olive gray clay and 
sandstone lenses, marcasite, some 
fossils and plant remains, slightly 
calcareous in part, light olive gray 
ironstone from 744.3 to 744.4'. 
10 Sandstone, very light gray, very fine 
to fine grained, somewhat micaceous, 
interbedded with some dark gray shale 
stringers, thin pyritic coal streak 
at 745' 
9 Shale, dark gray to grayish black, 
thinly laminated, some small fossils. 
8 Sandstone, very light to medium light 
gray, very fine grained, some dark 





7 Sandstone, very light olive gray, 
medium grained, subrounded, slightly 
calcareous, friable, many dark gray 
shale stringers in upper 1' and 
lower 4', some iron staining and 
moderate brown to moderate yellowish 
brown clay lenses; sand is fine 
grained in lower 2' 747.8 
6 Clay, medium dark to dark gray, 
slickensides. 757.4 
5 Sandstone, very light olive gray, very 
similar to unit 7 757.7 
4 Shale, medium to dark gray, clayey 
near top, thinly laminated throughout 
most of remaining unit, some thin 
coal streaks, moderate to dark 
yellowish brown clay ironstone 
concretions, some marcasite and iron 
staining. 757.8 
3 Shale, very light to medium light 
gray, sandy in part, some iron 
staining. 769.7 
2 Sandstone, very light to light gray, 













subrounded, some very light gray to 
white shale intervals . 
1 Shale, white to light greenish gray, 
slightly silty to sandy in part, 
laminated, crossbedded in part. 









DRILL HOLE NO. 7 
NW~, NW~, NW~ sec. 33, T. 64 N., R. 24 W.; 
1 mile west of Mill Grove, Mercer County, Missouri 
Pennsylvanian System 
Missourian Series 
Pleasanton Group (?) 
Collar elevation 
Depth to bedrock 






Depth to top 
(feet) 
134 Sandstone, medium to medium light 
gray, fine grained, micaceous, 
containing some carbonaceous streaks, 
calcareous at base. 50.0 
133 Shale, dark gray to grayish black, 
hard, thinly laminated, some pyrite . 71.1 
132 Coal. 71.4 
131 Shale, light gray to yellowish gray, 
hard, very calcareous and fossil-
iferous . . • . . 71.7 
130 Clay, light gray to light olive gray, 
slightly calcareous near top, mica-
ceous, some shaly areas . . . . . 72.1 
129 Clay, light greenish gray, some 
pyrite. 80. 2 
128 Siltstone, me dium light to light gray, 




127 Shale, medium ligh t to me dium gray, 
clayey, micaceous in part, slightly 
calcareous. 83.1 
126 Shale, medium light gray to grayish 
green, laminated, slightly calcareous, 
some pyrite . 97.3 
125 Shale, me dium to dark gray, laminated, 














Depth to top 
(feet) 
124 Siltstone, medium to medium dark 
gray, micaceous, grades into unit 
below . 
123 Shale, medium to dark gray, laminated, 
some pyrite . 
122 Shale, grayish black, hard, thinly 
laminated, pyritiferous . 
Pawnee Formation 
121 Limestone, light gray to yellowish 
gray, finely crystalline. 
120 Shale, medium dark to dark gray, 
hard, slightly calcareous in part . 
119 Limestone, light gray to yellowish 
gray, finely crystalline. 
118 Shale, medium to dark gray, laminated, 
calcareous, fossiliferous . 
117 Shale, grayish black, hard, thinly 
laminated, pyritiferous . 
Labette Formation 
116 Coal (Lexington). 
115 Shale, medium dark gray, clayey, some 
thin coal streaks and pyrite .. 
114 Clay, greenish gray, some bituminous 
material at top . . . 
113 Clay, greenish gray, calcareous in 
part and containing small limestone 
nodules, coalified plant remains, 
pyritiferous in lower 1'. 
Fort Scott Subgroup 
Higginsvill e Formation 
112 Limestone, yellowish gray to light 
greenish g r ay, nodular, argillaceous. 

































De pth to top 
(feet) 
110 Limestone, yellowish gray to light 
greenish gray, nodular, argillaceous. 
Little Osage Formation 
109 Clay, medium light gray to greenish 
gray, shaly, calcareous . 
108 Siltstone, medium light gray, mica-
ceous, slightly calcareous. 
107 Shale, medium gray, laminated, cal-
careous at base . 
Blackjack Creek Formation 
106 Limestone, light gray to yellowish 
gray, finely crystalline. 
Cherokee Group 
Cabaniss Subgroup 
Excello and Mulky Formations (absent?) 
Lagonda Formation 
105 Siltstone, very light to medium gray, 
darker in upper 4.3', some carbon-
aceous streaks, very sandy and mica-
ceous, 1" coal bands at 230.9' and 
232.4'. 
104 Shale, medium to dark gray, clayey, 
some bituminous material. 
Bevier Formation 
103 Coal (Bevier, S-19) . 
102 Clay, greenish gray, some bituminous 
material. 
101 Siltstone, light to medium greenish 
gray. 
100 Shale, dark gray, hard, thinly 
laminated, pyritiferous 
99 Shale, greenish gray, clayey. 
98 Shale, dark gray to grayish black, 































97 Coal (Wheeler, S-20). 
96 Clay, medium light gray, some bit-
uminous matter. 
95 Siltstone, light gray to light 
greenish gray, micaceous. 
94 Shale, medium gray, laminated . 
93 Shale, light to medium gray, mica-
ceous, limey and very calcareous 
from 268.5 to 270.0', contains some 
flattened phosphatic concretions 
and pyrite. 
92 Shale, medium to dark gray, some 
pyrite, bituminous near base .. 
Croweburg Formation 
91 Coal (Crowe burg, S-21). 
90 Clay, greenish gray, some bituminous 
matter. 
89 Clay, medium dark greenish gray, 
sandy, some carbonaceous matter, 
pyritiferous, grades into a dark 
grayish green shale; calcareous at 
base. 
88 Shale, medium to dark gray, clayey, 
some pyrite . 
87 Limestone, shaly, pyritiferous. 
Fleming Formation 
86 Coal (Fl e ming). 
85 Clay, light to me dium gray. 
84 Clay, light gray, micaceous . 
83 Limestone, light gray, argillaceous 
in upper ~ of unit. 
190 
De pth to top Thi c kness 
(f eet) ( fee t) 
254.4 1.2 














Depth to top 
(feet) 
82 Clay, light to medium dark grayish 
green, pyritiferous in lower 4' 
81 Shale, clayey, dark greenish gray 
80 Limestone, light gray to light olive 
gray, finely crystalline, fossil-
iferous . 
Robinson Branch Formation 
79 Shale, medium to dark gray, calcar-
eous, some pyrite, fossiliferous, 
bituminous material, limestone lenses 
and nodules at base . 
78 Shale, dark gray to black, pyriti-
ferous; limestone nodule at top, 
very calcareous at base . 
Mineral Formation 
77 Coal (Mineral). 
76 Clay, medium dark gray to grayish 
black at top, grades into greenish 
gray in lower .6' 
75 Clay, medium to dark gray, coal 
streaks, pyritiferous . 
74 Clay, light olive gray to medium 
gray, pyritiferous, shaly in part •. 
73 Shale, medium dark gray to grayish 
black, clayey near top, thinly 
laminated near base . 
Scammon Formation 
72 Coal (Scammon). 
71 Siltstone, medium dark gray, mica-
ceous . 
70 Clay, medium gray to tan, shaly in 
places, pyritiferous at base .. 
69 Shale, medium greenish gray, top .9' 
pyritiferous, iron stained in part, 
































68 Clay, medium dark greenish gray to 
black . 
67 Limestone, upper .2' dark gray to 
black, very shaly; lower .3' light 
to medium grayish green, hard, mica-
ceous, pyritiferous, some iron 
staining. 
66 Siltstone, light to medium gray, 
laminated, pyritiferous, slightly 
calcareous at top • 
65 Clay, medium to dark greenish gray, 
micaceous 
64 Limestone, light to medium gray, 
argillaceous. 
63 Siltstone, light to medium gray, 
micaceous . 
62 Shale, dark greenish gray to black, 
laminated 
Tebo Formation 
61 Clay, medium gray 
60 Siltstone, light to medium gray, 
some pyrite . 
59 Siltstone, medium gray to tan, 
laminated, sandy and micaceous, 
clayey at base. 
58 Sandstone, medium gray, fine 
grained, micaceous, some iron 
staining, some clay partings, more 
micaceous and laminated near base, 
grades into unit below. 













57 Siltstone, medium light to dark gray, 
laminated, iron stains, some 
pyrite. 
56 Shale, dark gray to black, slightly 



















Depth to top 
(feet) 
Weir Formation 
55 Coal (Weir-Pittsburg) . 
54 Clay, medium gray to tan, bitumin-
ous material, pyritiferous, hard. 
53 Clay, medium greenish gray, pyrit-
iferous, hard, grades into a shale 
towards base. 
52 Shale, medium gray to medium green-
ish gray, laminated, micaceous, 
darker towards base . . . . . 
51 Shale, medium gray to black, lami-
nated, pyritiferous . 
Krebs Subgroup (Undifferentiated) 
50 Siltstone, light gray, hard, small 
pyrite grains, .2' calcareous 
interval at 374.2' .. 
49 Limestone, light to medium greenish 
gray, clayey, some iron stains. 
48 Shale, medium greenish gray clayey 
in part, iron stained, grading into 
dark gray shale . . . 
47 Siltstone, light gray, less silty 
in top.l', pyriti f erous; sandy and 
more pyritife rous towards base . 
46 Sandstone, light gray, fine to 
me dium graine d, micaceous, pyrite , 
shaly intervals, thin bituminous 
shale layer n e ar ba s e . 
45 Clay, me dium gra y to tan, slicken-
s i de s . 
44 Sha l e , d a rk gray to b lack, claye y at 
top, coaly a t base . 
43 Siltstone , light to me dium gray, top 
.1' clayey, some bituminous matter, 
more sandy towards base . 
42 Siltstone, light to dark gray, 
































Depth to top 
(feet) 
41 Shale, dark gray, silty, somewhat 
laminated, especially in lower 1', 
marcasite nodules, some tan clay 
balls and clay layers, fissile in 
part. 
40 Coal, marcasite on top. 
39 Clay, dark gray, with some coal 
streaks . 
38 Clay, light gray, micaceous, bitumi-
nous material, pyritiferous, darker 
towards base, grades into a dark 
gray clay shale . 
37 Shale, dark gray to black, silty, 
clayey in part, some bituminous 
material and pyrite . 
36 Coal (S-22) . 
35 Shale, dark gray to black, clayey, 
with coaly material and marcasite . 
34 Siltstone, light to dark gray, hard, 
some bituminous matter, marcasite 
replaced plant remains, sandy in 
part. 
33 Shale, medium gray to black, lami-
nated, silty, marcasite; darker and 
less laminated towards base . 
32 Clay, light to medium gray, marca-
site replaced plant remains through-
out top 1.5'; some medium tan clay 
intervals towards base, dark gray 
clay at base. 
31 Shale, dark gray to black, clayey at 
top; 1" tan interval at 429.8'; ~" 
marcasite nodules and marcasite 
replaced plant remains. 
30 Shale, dark gray to black, bitumi-
nous, less dense than unit above, 




























Depth to top 
(feet) 
29 Coal, some fossils, vertical cleats 
containing gypsum 
28 Shale, dark gray to brown, very 
fossiliferous, coal streaks; some 
marcasite, becoming limonitic towards 
base, very similar to unit 30 . 
434.1 
434.5 
27 Coal. 435.8 
26 Shale, dark gray to black, some 
bituminous matter, light tan clay 
balls; marcasite, increasing towards 
base. 436.0 
25 Coal (S-23) . 436.6 
24 Clay, light to medium gray, silty, 
some bituminous matter, slickensides, 
small pyrite grains; grading into 
unit below. 440.3 
23 Siltstone, medium to dark gray, bitum-
inous matter, marcasite replacement, 
some laminations. 443.6 
22 Coal (S-24) . 446.0 
21 Coal, dark gray, silty, bituminous 
matter. 448.0 
20 Clay, light to medi um gray, somewhat 
silty, some coaly material, some 
marcasite near top of unit. 448.4 
19 Shale, dark gray, pyritiferous, clayey 
in part, laminated in part; marcasite 
concretion s up to l " in diameter and 
marcasite replaced plant remains in 
lower 2.5'. 452.8 
18 Clay, light to medium gray, s ilty in 
part, bituminous matter, some 
marcasite nodules 
17 Shale, dark gray, clayey, silty in 
part, some pyrite, interval from 461.4 
to 462' contains large marcasite 
concretions, iron stains, glauconitic 
sandstone, very calcareous and 
457.9 

















Depth to top 
(feet) 
16 Limestone, medium to dark gray, 
hard, shaly . 
15 Shale, dark gray, very calcareous, 
fossiliferous at top and at 464.0', 
sandy to micaceous towards base, 
some marcasite. 
14 Clay, medium gray, darker at base . 
13 Siltstone, medium gray, marcasite, 
bituminous material, elongated tan 
clay balls. 
12 Sandstone, light to medium gray, fine 
grained, micaceous, bituminous 
streaks, marcasite near base. 
11 Sandstone, light gray, fine grained, 
calcareous, bituminous streaks 
beginning at 471.9', some pyrite and 
marcasite in lower ~ of unit. 
10 Shale, light to dark gray, silty, 
laminated with layers of tan clay, 
some marcasite. 
9 Coal (S-25) . 
8 Clay, medium gray to black, slicken-
sides, marcasite, becoming darker and 
more shaly towards base, grades into 
unit below. 
7 Shale, dark gray to black, marcasite, 
tan clay balls in lower 2'. 
6 Siltstone, light to dark gray, lami-
nated, marcasite at top, small coaly 
areas, marcasite replaced plant 
remains . 
5 Shale, dar k gray to black, with light 
gray siltstone lenses . 
4 Sandstone, light gray, very fine to 
fine grained, containing marcasite 
and clay nodules, bituminous streaks, 































Depth to top 
(feet) 
3 Shale, medium to dark gray, inter-
bedded with fine grained, light gray 
sandstone; some pyrite grains, 
especially around sandstone; some 
marcasite concretions in shale. 
2 Sandstone, light to medium gray, fine 
grained, calcareous cement, bitumi-
nous streaks, some dark gray shale 
partings, somewhat micaceous, very 
shaly interval from 503 to 504.6', 
medium grained calcareous sandstone 
intervals in lower 3' 
1 Shale, medium gray to black, lami-
nated, silty, fissile in part, some 










DRILL HOLE NO. 8 
SW~, SW~, NE~ sec. 22, T. 64 N., R. 26 W.; 





Depth to bedrock 






Blackjack Creek Formation Depth to top 
(feet) 
90 Shale, medium greenish gray, clayey, 
very calcareous, containing limestone 
nodules. 
89 Limestone, light tan to light gray, 
finely crystalline, interbedded with 
calcareous greenish gray shale, 
slightly silty . 
88 Limestone, light to medium gray, 
finely crystalline, fossiliferous, 




87 Shale, light greenish gray to dark 
gray, mottled, very calcareous, 
fossiliferous. 
86 Shale, medium to dark gray, cal c areous, 
laminated, contains some limestone 
nodules, some fossils, f issile and 
containing phosphatic nod u les near 
base . 
85 Shale, light to medium greenish gray 
with dar k gray mottling, sandy in 
places, ve ry bituminous at 235', some 
fossils, very c a lcareous in lower .6'. 
84 Shale , light to me dium g r ee nish gray , 




















Depth to top 
(feet) 
83 Siltstone, light greenish gray, some 
dark gray lamination, some small 
pyrite grains, limestone nodules and 
bands from 341.3' to base. 
82 Shale, light greenish gray to medium 
gray, some limestone lenses and veins 
in upper 5', pyritiferous, laminated 
in part, slightly calcareous in 
lower 1' 
81 Siltstone, light gray to light 
greenish gray, very calcareous, inter-
bedded with limestone stringers, 
fossiliferous. 
80 Shale, light to medium gray, pyrite, 
iron stained, sandy and silty in 
part, coal streak at base. 
79 Shale, medium gray, much carbonaceous 
matter, slightly silty, pyrite and 
marcasite replaced plant remains, some 
large tan clay balls, iron stains, 
some calcareous lenses 
78 Siltstone, light tan to medium gray, 
very calcareous near top, some iron 
stains and bituminous material, some 
lamination 
77 Sandstone, light to medium light gray, 
fine to medium grained, calcareous, 
interbedded with medium to dark gray 
shale near base. 
76 Siltstone, light to medium gray to 
tan, slightly calcareous, sandy in 
part . 
75 Sandstone, light to medium light gray, 
fine to medium grained, calcareous, 
some shaly i nte rvals interbedded with 
bituminous mat e rial from 288.2 to 
288.6', coal streak at base. 
74 Shale, medium gray to light olive 
gray, laminated. 
73 Sandstone, medium light olive gray to 
























Depth to top 
(feet) 
calcareous, containing coal particles 
and much pyrite staining . 
72 Shale, medium to medium dark gray, 
becoming darker near base, thinly 
laminated, some pyrite . 
Bevier Formation 
71 Coal (Bevier, S-26). 
70 Shale, medium to medium dark gray, 
laminated. 
69 Shale, light to medium greenish gray, 
containing much bituminous matter. 
68 Siltstone, light greenish gray, bitu-
minous matter, some pyrite . 
67 Siltstone, light greenish gray, inter-
bedded with medium to medium dark gray 
shale, thinly laminated, iron stained, 
becoming more shaly towards base, 
grades into unit below . 
66 Shale, light to medium dark gray, some 
light olive gray layers, laminated, 
fossiliferous, darker towards base . 
Verdigris Formation 
65 Coal (Wheeler, S-27) 
64 Clay, light gray 
63 Clay, light gray, very calcareous; 
ma ny limestone pellets, some up to 
3" long. 
62 Limestone, light to medium gray, 
clayey .. 
61 Clay, l ight gray to light greenish 
gray, c alcareous, some limestone 
pellets and l e ns e s .. 
60 Shale, medium gra y to light greenish 
gray, laminated, some calcareous 
































Depth to top 
(feet) 
59 Shale, medium gray to grayish black, 
fissile, darker towards base, sandy 
near top, many limestone nodules in 
lower 7" . 
Croweburg Formation 
58 Coal (Croweburg) . 
57 Clay, light to medium gray, bitumin-
ous, pyrite. 
56 Siltstone, light to medium gray, very 
sandy, iron staining, contains small 
calcareous concretions, becoming more 
clayey near base . 
55 Shale, light greenish gray to medium 
dark gray, very calcareous, clayey, 
some silt, contains some large light 
olive gray to gray limestone nodules, 
grades into unit below . 
54 Shale, light greenish gray and light 
gray calcareous sandstone interbedded, 
some small limestone nodules and 
lenses, small pyrite grains, grades 
into medium dark gray shale at base. 
53 Clay, medium gray to medium olive 
gray, slickensided, some slightly 
calcareous areas 
52 Shale, very light greenish gray, 
silty, small pyrite grains, very 
slightly calcareous in part, lami-
nated with medium greenish gray in 
lower 3', some t an sideritic areas, 
medium dark gray shale interval at 
base . 
51 Shale, light to medium bluish to 
greeni sh gray, clayey, bituminous 
material at base . 
50 Shale, medium gray to medium olive 
gray, contains bituminous material 
49 Shale, light greenish gray, laminated, 
some siderite, clay, becoming more 


























Depth to top 
(feet) 
48 Shale, medium to medium dark gray, 
laminated, some thin sandy intervals . 
47 Shale, medium gray, with some green-
ish gray areas, clayey, some light 
gray clay lenses . 
46 Shale, medium dark gray to grayish 
black, laminated, containing many 
small pyrite grains, fossiliferous, 
coaly matter at base . 
Fleming-Mineral Formations 
45 Coal (Fleming, S-28) . 
44 Clay, light to medium gray, medium 
dark gray at top, some carbonaceous 
material . 
43 Siltstone, light gray to light green-
ish gray, contains limestone nodules, 
some iron staining, becoming more 
clayey towards base. 
42 Shale, medium to dark greenish gray, 
laminated, contains limestone and 
siderite nodules, some sandy inter-
vals, darker towards base, lower 1' 
very calcareous and fossiliferous. 
41 Shale, medium dark gray to grayish 
black, thinly laminated to fissil e , 
pyrite nodules and calcareous 
sandstone lenses, 2" calcareous 
interval at base . 
Scammon Formation 
40 Clay, medium greenish gray to light 
olive gray, slickensided, some pyrite, 
small limestone concretions, thin 
coa l streak at top of unit . 
39 Lime stone, light gray to light green-
ish gray, finely crystalline, clayey 
in lower 1', some pyrite . 
38 Shale, light to medium greenish gray, 
intermixed with light olive gray lime-


























Depth to top 
(fee t) 
37 Shale, medium gray to light to 
medium greenish gray, laminated, 
some brownish gray clay balls near 
top, some calcareous areas, pyrite, 
siderite . 
36 Shale, medium to dark gray, many 
large light olive gray clay balls. 
35 Limestone, light olive gray to light 
gray, finely crystalline, fossilifer-
ous. . 
34 Shale, dark gray to black, very cal-
careous, some pyrite . 
33 Limestone, light to medium dark gray, 
very shaly in upper ~ -
32 Shale, grayish black to black, fossil-
iferous at top, many limestone nodules 
at base. . ... 
Tebo Formation 
31 Coal (Tebo, S-29) .. 
30 Clay, medium dark gray, shaly, very 
bituminous, slickensided, some pyrite 
and calcareous lenses. 
29 Clay, light gray to light olive gray, 
some bituminous material, slightly 
calcareous in part . 
28 Clay, dark gray, shaly, pyritiferous, 
very bituminous, coal str e ak at top .. 
27 Clay, dark gray, shaly, pyritiferous, 
very bituminous, coal streak at top .. 
26 Clay, light to dark gray, mottled, 
some slightly calcareous areas . 
25 Shale, light to me dium greenish gr a y, 
some darker a reas, clayey, slicken-
sided, slightly calcare ous, some light 
olive gray clay balls, pyrite. 
24 Shale, medium light to medium dark 






























De pth to top 
(feet) 
in part, some light brown clay 
lenses . 
Weir Formation 
23 Coal, shaly. 
22 Siltstone, light to medium dark gray, 
clay, bituminous . 
21 Shale, medium dark gray to grayish 
black, slickensides, pyrite replaced 
plant remains. 
20 Coal, shaly. 
19 Clay, very light to medium light gray, 
plant remains, becoming sandy and 
more sha1y in lower 2' 
18 Shale, medium gray, clayey 
17 Siltstone, very light to medium gray, 
sandy, laminated . 
16 Sandstone, very light gray, fine 
grained, micaceous, calcareous . 
Krebs Subgroup (Undifferentiated) 
15 Siltstone, very light to medium gray, 
laminated, some iron staining in 
upper .3', shaly from 437.0 to 
437.3' 
14 Sandstone, very light gray, fine 
grained, micaceous, much bituminous 
matter and silty in lower .5'. 
13 Siltstone, light to medium gray, 
lamina ted. . 
12 Sandstone, very light gray, fine 
grained, some bituminous matter. 
11 Sandstone, very light to medium light 
gray, medium grained, calcareous, 
some carbonaceous streaks at top and 
at 463.0' and 463.6' ..•. 































Depth to top 
medium grained, calcareous, mica-
ceous, (LOSS OF 40') . 
9 Shale, medium light to medium dark 
gray to olive gray, laminated, mica-
ceous and calcareous in part, some 
iron staining, darker towards base 
8 Coal . 
7 Shale, medium dark gray, micaceous 
near base, some marcasite and organic 
plant remains. 
6 Clay, medium light gray, silty, some 
organic matter, calcareous from 
531.4' to base . 
5 Shale, light gray, laminated, silty, 
slightly calcareous from 533.0 to 
533.3' 
4 Shale, dark gray to black, very thinly 
laminated to fissile, some pyrite; 
silty, calcareous, and micaceous in 
part; clayey and very calcareous in 
lower . 8'. 
3 Claystone, medium dark gray, very 
calcareous, slickensided, stylolite 
at 539.9', less calcareous but silty 
in lower .6', (LOSS OF 2.6') . 
2 Siltstone, white to very light gray to 
light olive gray, sandy and micaceous, 
hard, very calcareous, some medium 
dark gray streaks, darker and shaly 
at base. 
1 Shale, grayish black to black, and 
siltstone, light gray, interbedded; 
calcareous, micaceous, some marcasite 
and small phosphatic concretions; iron 
stains, darker and fossiliferous in 


























DRILL HOLE NOo 9 
NE~, NW~, NE~ sec. 8, T. 64 N., R. 23 W.; 





Depth to bedrock 







Holdenville Formation Depth to top 
(feet) 
170.0 137 Shale, medium greenish gray, clayey . 
136 Shale, dark reddish brown and grayish 
olive, mottled; slightly calcareous 
in part . . . . . . 
Lenapah Formation 
135 Shale, medium greenish gray, contain-
ing yellowish gray limestone nodules. 
134 Limestone, very light gray to yellow-
ish gray, finely crystalling, con-
tains some greenish gray clay . 
133 Shale, medium greenish gray, clayey 
in part . 
132 Limestone, yellowish gray, medium 
crystalline . • ... 
Nowata Formation 
131 Shale, medium bluish gray to dark 
greenish gray, somewhat mottled 
with dark reddish brown; clayey, 
contains some .5" limestone concre-
tions . 
Altamont Formation 
130 Limestone, very light to medium gray, 
medium crystalline, v e ry fossilifer-
ous, shaly in part. 
129 Shale, light to medium greenish 




















Depth to top 
(feet) 
128 Shale, mottled greenish gray and 
brownish gray . . . . . . 
127 Shale, greenish gray, micaceous . 
126 Shale, light greenish gray, hard, 
containing light gray limestone 
nodules . . . . . . 
125 Limestone, shaly, light gray, 
nodular . . 
124 Shale, greenish gray, calcareous, 
containing some limestone nodules 
123 Limestone, shaly, very light gray to 
1 igh t greenish gray . . . . . 
Bandera Formation 
122 Shale, greenish gray, calcareous. 
121 Shale, clayey, moderate brown, 
brownish gray, to dark reddish brown, 
some greenish gray. . .... 
120 Shale, medium light to medium dark 
gray, laminated .•.. 
Pawnee Formation 
119 Limestone, light gray to yellowish 
gray, very fossilif e rous in top 1' .. 
118 Shal e , light gray, very calcare ous, 
fossilif e rous . . ... 
117 Limestone , light gray to light olive 
gray, fine ly crystalline, some 
fossils . . ... 
116 Shale, dark g r a y to g r a yish black, 
some pyri te . 
Labett e Formation 
115 Coal, with a light ol i v e gray cla y 
parting f rom 218.1 to 218.2' 
(Lex ington , S-30) . . ... 
114 Clay , medium gray, bituminous at top, 


































Depth to top 
(feet) 
Fort Scott Subgroup 
Higginsville Formation 
113 Limestone, light to medium light 
gray, very shaly in top 2'. 
Little Osage Formation 
112 Shale, light gray to yellowish gray, 
very sandy, hard, calcareous in 
upper 2'. . . ... 
111 Shale, light to medium dark gray, 
micaceous, laminated. 
110 Limestone, very light gray, argill-
aceous, fossiliferous .... 
109 Shale, medium gray to grayish black, 
some pyrite, slickensides, laminated. 
108 Shale, light to medium gray, mica-
ceous, calcareous in part, some 
small limestone nodules .... 
Blackjack Creek Formation 
107 Limestone, light gray to yellowish 
gray, finely crystalline, with some 




106 Shale, medium dark gray to grayish 
black, thinly laminated, pyritiferous 
Mulky Formation 
105 Clay, mottled medium light gray, 
brownish gray, and greenish gray; 
some bituminous matter near top of 
unit. 
Lagonda Formation 
104 Siltstone, light gray, some pyrite 
and iron staining, hard and compact • 
103 Sandstone, light greenish gray, fine 


























Depth to top 
(feet) 
102 Shale, light gray to dark greenish 
gray, some laminations and iron 
staining, clayey in part. 
101 Siltstone, medium light gray, very 
sandy, slightly calcareous. 
100 Shale, medium light to dark gray, 
laminated in part, pyrite near base 
Bevier Formation 
99 Coal (Bevier, S-31) . 
98 Clay, light to medium light gray, 
very silty, bituminous matter near 
top, some pyrite, slickensides. 
97 Siltstone, medium light gray, clayey, 
some calcareous areas . • . . . 
96 Shale, medium light to dark gray, 
micaceous in upper part, some pyrite 
and iron stains, laminated ... 
Verdigris Formation 
95 Coal, impure, much fusain (Wheeler) . 
94 Clay, light gray to greenish gray, 
bituminous material near top, slick-
ensides, calcareous near base . 
93 Shale, medium light gray, calcareous, 
limes tone nodules near base .. 
92 Limestone, light gray to yellowish 
gray, finely crystalline, argill-
aceous. 
91 Shale, light to medium gray, cal-
careous and somewhat clayey near 
top . 
90 Shale, medium dark gray, clayey in 
part, some pyrit e and iron stains .. 
89 Shale, dark gray to grayish black, 
hard, thinly laminated, containing 
































Depth to top 
(feet) 
Croweburg Formation 
88 Coal (Croweburg, S-32). 
87 Siltstone, medium gray to greenish 
gray, very sandy, bituminous and 
clayey near top, slightly calcareous 
near base . 
Fleming Formation 
86 Clay, light to medium greenish gray, 
somewhat sandy, coal streak at top .. 
85 Siltstone, greenish gray, slightly 
calcareous in part, some slicken-
sides, some iron staining .. 
84 Shale, medium dark gray to grayish 
black at base . . . . . 
Robinson Branch Formation 
83 Clay, medium light gray to greenish 
gray, thin coal streak at top, sandy 
near base . 
82 Siltstone, light gray, darker at 
base, clayey in part. 
81 Clay, light gray to light olive gray. 
80 Siltstone, light to medium gray, 
containing bands of shale, grades 
into unit below . 
79 Shale, medium dark gray to grayish 
black, some pyrite, very bituminous 
near base . 
Mineral Formation 
78 Coal (Mineral, S-33). 
77 Clay, medium light gray to light olive 
gray, to light bluish gray at base, 
micaceous, sandy, very calcareous 
in 1/8" to 3" bands near base 




























Depth to top 
(feet) 
76 Shale, dark gray to greenish gray, 
calcareous, containing limestone 
nodules (~" to 1" in diameter) in 
upper .8', darker in lower 1.2' 417.6 
75 Clay, greenish gray, light olive 
gray and variegated browns and greens; 
calcareous, some iron stains. 418.6 
74 Shale, light to medium gray, calcare-
ous, micaceous in part, grades into 
unit below. 425.5 
73 Clay, shaly in part, medium light 
gray to olive gray, some reddish 
brown iron, slightly calcareous . 427.8 
Scammon Formation 
72 Shale, dark gray; clayey in part, 
slickensides, some pyrite . 
71 Siltstone, medium light gray, hard, 
micaceous, several dark gray organic 
streaks . 
70 Clay, medium light gray, thin grayish 
black shale band at top, iron stains, 
some slickensides; becoming harder 
and grading into greenish gray shale 
towards base. 
69 Shale, light to medium gray, to 
light brownish gray near base, mica-
ceous in top .6' , some iron staining, 
some slickensides . 
68 Shale, light greenish gray, with 
reddish brown iron stains, pyrite; 
clayey and slickensides in upper 
.3'; thinly laminated in part . 
67 Shale, greenish gray to dark gray, 
much iron staining in lower half of 
unit. 
66 Shale, greenish gray to medium gray 
at base, micaceous. 
65 Sandstone, yellowish gray, very fine 
























Depth to top 
(feet) 
64 Sandstone, light gray, and silt-
stone, medium dark gray; slightly 
calcareous, some reddish brown iron 
staining, more shaly and laminated 
in lower .9'. 
63 Shale, medium gray to greenish gray, 
laminated in part, ironstone inter-
vals from 446.5 to 447.0', 447.5 to 
447.8', 448.5 to 448.9', and 450.2 
to 450.5' 
62 Siltstone, light to medium gray, thin 
coal streak at top, slickensides, 
darker and laminated with thin, very 
fine grained, light olive gray, cal-
careous sandstone lenses in lower 
2'; sandstone interval from 456.6 to 
456.8' and from 457.5' to base. 
61 Siltstone, light to medium light 
gray, micaceous 
60 Siltstone, light to dark gray, thinly 
laminated, with light olive gray 
noncalcareous, very fine grained 
sandstone, laminations in upper .3' 
show much folding and distortion. 
59 Shale, dark gray to black, thinly 
laminated; olive gray ironstone 
interval from 461.4 to 461.6' 
Tebo Formation 
58 Coal, shaly at top (Tebo) 
57 Clay, medium light gray, hard, con-
taining coal particles and pyrite 
near top, containing several ::Z " to 1" 
marcasite concretions from 467' to 
base, shaly near base, grades into 
unit below. 
56 Shale, light gray to light greenish 
gray, becoming darker towards base. 
55 Shale, medium light gray, sandy, some 
























Depth to top 
(feet) 
54 Shale, greenish gray, brownish gray, 
variegated, and grading into brown-
ish gray and olive gray towards base, 
laminated in part, clayey in part, 
grades into unit below. 
53 Shale, greenish gray to medium dark 
gray, micaceous, laminated, some 
pyrite, slickensided and containing 
secondary calcium carbonate from 
486.9 to 487.4', large (1"+) brown-
ish gray ironstone concretions from 
487.4 to 487.8' 
52 Shale, dark gray to grayish black, 
several small marcasite nodules, 
several thin light gray sandstone 
lenses. 
Weir Formation 
51 Coal, shaly (Weir Pittsburg). 
50 Siltstone, light gray, hard, grading 
into a fine grained, light gray, mica-





staining in lower 1.8'. 488.5 
49 Shale, light greenish gray, slightly 
sandy in upper ~ of unit. 
Krebs Subgroup (Undifferentiated) 
48 Sandstone, very light gray, fine 
grained, very micaceous, reddish 
brown iron staining near base . 
47 Shale, light greenish gray. 
46 Sandstone, light gray, fine to med-
ium grained, micaceous, containing 
many reddish brown limonite grains, 
very calcareous from 496.7 to 497.0'; 
greenish gray and shaly in lower .2'. 
45 Sandstone, very light gray, fine 
grained, very micaceous, very cal-
careous, many medium light gray shale 
and siltstone stringers, crossbedded 
and noncalcareous from 499.0 to 



















44 Shale, greenish gray, hard. 
Depth to top 
(feet) 
500.2 
43 Sandstone, light gray, micaceous, 
slightly calcareous 
42 Shal e, greenish gray, slightly 
sandy and micaceous . 
41 Sandstone, light gray to light 
greenish gray, fine grained, mica-
ceous, grades into unit below 
40 Sandstone, light gray, medium grained, 
very micaceous, calcareous, brownish 
gray ironstone from 502.7 to 502.9' 
39 Siltstone, greenish gray to medium 
dark gray, very micaceous 
38 Sandstone, shaly, light gray to 
greenish gray; sandstone, fine 
grained, micaceous, slightly cal-
careous; some pyrite and iron 
staining. 
37 Shale, medium dark gray, slightly 
micaceous, sandy at base. 
36 Sandstone, very light to light gray, 
medium grained, micaceous, very 
calcareous. 
35 Shale, medium dark to dark gray, very 
sandy in upper .3', laminated in part 
34 Sandstone, very light to light gray, 
fine to coarse grained, micaceous, 
very calcareous, dark gray shaly 
intervals from 510.6-510.9', 511.7-
511.8', 511.9-512.0', 512.2-512.3'' 
512.6-512.7'' 513.1-514.4', 520.5-
520.7'' 522.0-522. 3 ', 522.7-522.9'' 
533.5-533.6'' 534.2-534.3', 534.8-
534.9', and 535.1-535.4'; some mar-
casite, brownish gray ironstone and 
coal particles and streaks, especially 










quartz pebbles. 508.5 
33 Sandstone, shaly, light gray to 















Depth to top 
(feet) 
careous, pyrite; especially shaly 
from 554.3-554.4', 555.1-555.6', 
556.7-556.8', 557.2-557.5', 558.5-
558.7', 560.6-560.9', and 561.3-
561.6'; some brownish gray iron-
stone; shaly intervals become darker 
towards base; grades into a medium 
grained and more calcareous sand-
stone in lower 2' 
32 Shale, grayish black, micaceous, 
thinly laminated, some marcasite. 
31 Limestone, very shaly; limestone, 
very light gray; shale, dark gray, 
fossiliferous . 
30 Coal (S-34) . 
29 Clay, light to medium gray, hard, 
several thin coal streaks near top, 
marcasite, some slickensides, some-
what silty in part, darker, shaly, 
and containing more pyrite and mar-
casite in lower 1.8'. 
28 Shale, light to medium gray to light 
olive gray, very sandy in upper .5', 
containing some brownish gray iron-
stone, some pyrite, laminated in 
lower 1.5', grades into unit below. 
27 Shal e , medium gray to grayish bl ac k, 
thinly laminate d in upper 2.2', 
cl a y e y from 579.0-579.6', slightly 
silty, some ma rc a site , s a ndy 
in lowe r .8'. 
26 Shal e , light gray, cl a y e y in part, 
some coal str e aks, sandy and mic a -








below . 583 .3 
25 Siltstone , light to me dium gray , mi ca -
c e ous, gr a d e s into unit b e low . 584.6 
24 Sandstone , light gray, fine gra ine d , 
v e ry micaceous, some gr e enish gray 
shaly stringers, espe c ia lly near 















23 Siltstone, medium to dark gray, 
interbedded with light gray sand-
stone, very thinly laminated, very 
micaceous, some sandstone intervals 
are calcareous, especially from 
590.6' to base; 1 ~ " diameter light 
gray limestone nodule at 589.8' 
surrounded by marcasite, some 
brownish gray ironstone intervals 
22 Siltstone, dark gray, thinly lami-
nated, marcasite; some thin light 
gray, fine grained, calcareous 
sandstone lenses but unit as a 
whole is darker and less sandy than 
unit above; some brownish gray iron-
stone nodules 
21 Shale, dark gray to grayish black, 
thin bedded, much pyrite, marcasite, 
very calcareous . 
20 Limestone, medium dark gray, argil-
laceous, hard, slightly fossilifer-
ous, some pyrite. 
19 Shale, dark gray to grayish black, 
thin bedded, calcareous, pyritifer-
ous, fossiliferous zone at 595.9' 
18 Coal, shaly at top. 
17 Clay, light to medium gray, some 
organic matter and marcasite near 
top . 
16 Sandstone, very light to light gray, 
fine grained, much marcasite, inter-
bedded with medium to dark gray 
shale beginning at 499.4' with the 
thickness and number of shale layers 
increasing towards base; some sand-
stone intervals near base, slightly 
calcareous; some brownish gray iron-
stone intervals in lower 1.3' 
15 Shale, dark gray to grayish black, 
thinly laminated, silty; interbedded 
with very fine grained, very light 
gray sandstone lenses; many brownish 





















Depth to top 
(feet) 
some marcasite replaced plant 
remains and nodules 
14 Sandstone, very light to light gray, 
fine to medium grained near base, 
calcareous, many bituminous stringers, 
some brownish gray clay lenses. 
13 Shale, dark gray to black, thinly 
laminated, some pyrite. 
12 Shale, dark gray to grayish black, 
micaceous, interbedded with many fine 
grained, slightly calcareous, very 
light gray sandstone lenses, marca-
site. 
11 Sandstone, light gray, very fine to 
fine grained near base, calcareous, 
some dark gray bituminous and mica-
ceous stringers, especially near 
middle and base of unit . 
10 Shale, dark gray to black, some very 
light gray, very fine grained sand-
stone lenses, some small (1/8") 
marcasite lenses. 
9 Sandstone, white to medium gray, very 
fine to medium grained towards base, 
interbedded with greenish gray shale 
in top 2", calcareous in part . 
8 Sandstone, light gray, fine grained, 
calcareous, interbedded with many 
dark gray siltstone stringers, some 
marcasite nodules up to }z;" in dia-
meter, some moderate yellowish 
brown clay lenses 
7 Siltstone, medium dark gray, very 
thinly laminated, some thin, very 
light gray laminations, some marca-
site and iron staining, especially 
in lower ~ of unit; thin coal streak 
at 631.0' 
6 Coal, shaly in part, much fusain, 
























Depth to top 
(feet) 
5 Clay, medium to medium dark gray, 
2" ironstone concretion near top, 
some coal particles, shaly near base, 
grades into unit below. 633.2 
4 Shale, medium to dark gray, thinly 
laminated, many light olive gray 
ironstone lenses and nodules (up to 
2" in diameter), marcasite replaced 
replaced plant remains and small 
marcasite nodules, some organic 
matter. 
3 Coal, shaly . 
2 Clay, very light gray, hard . 
1 Shale, very light to medium dark gray, 
laminated, some marcasite, some 













DRILL HOLE NO. 11 
NE~, SE~, NW~ sec. 15, T. 65W., R. 26 W.; 






Depth to bedrock 






Bevier Formation Depth to top 
64 Shale, medium light gray, laminated, 
~ "-1" light olive gray clay iron-
stone bands at 250.4', 251.2', and 
(feet) 
251.6' . . . . 250.0 
Verdigris Formation 
63 Coal (Wheeler, S-35) . 
62 Clay, medium light gray, bituminous 
at top, some iron staining 
61 Clay, medium light gray to greenish 
gray near base, calcareous, contain-
ing some small limestone nodules in 
upper 2' ....... . 
60 Limestone, clayey, very light gray, 
grading into a greenish gray calcar-
eous shale at base . . . . 
59 Shale, dark gray to black, containing 
light gray clay balls, in upper .2', 
thinly laminated with light gray 
noncalcareous shale in lower .1' 
Croweburg Formation 
58 Coal (Croweburg) . 
57 Clay, light to medium gray, darker in 
upper .3'; containing some bituminous 
material, some iron staining . 
56 Shale, clayey, light greenish gray, 
calcareous, somewhat silty, 1" medium 
light gray limestone nodule at 271.3', 
some iron staining . 
253.2 
254.5 


















Depth to top 
(feet) 
55 Shale, medium light to dark gray to 
olive gray . . . . . . 
54 Shale, light to medium greenish gray, 
darker towards base, hard .... 
53 Siltstone; very light gray, some iron 
staining, less silty in lower .8'. 
52 Shale, light greenish gray, slightly 
silty at top; intermixed with calcar-
eous medium brownish gray shale; some 
pyrite . 
51 Shale, clayey, light gray. 
50 Limestone, light olive gray, with 
some light gray shale, finely 
crystalline. 
49 Shale, medium light gray to black, 
fissile, some medium light gray lime-
stone nodules, some pyrite, lower 
.3' very calcareous. 
Fleming-Robinson Branch Formation 
48 Coal (Fleming, S-36) . 
47 Clay, shaly, light gray, 
nous material at top . 
some bitumi-
46 Siltstone, light gray, calcareous, 
some bituminous material, some 
pyrite and iron staining, .3' medium 
dark gray calcareous interva l at 
base . . . . . 
45 Shal e , light greenish gray, thin 
bedded, containing several 1" medium 
dark gray limestone nodules .. 
44 Shal e, clayey, light gray, some small 
limestone nodules and clay ironstone 
concretions, calcareous. 
43 Limestone, shaly, light gray, becoming 
more shaly near base . • ... 
42 Shale, medium light to medium gray, 
































Depth to top 
(feet) 
41 Shale, light gray to black, thin 
bedded, some coaly intervals, some 
iron staining, slightly calcareous, 
very calcareous from 310.3' to base. 
Mineral Formation 
40 coal (Mineral, S-37) . 
39 clay, medium light gray, some bitumi-
nous material near top, becoming 
shaly towards base, some pyrite and 
iron staining. 
38 Shale, medium gray to greenish gray, 
with many yellowish gray limestone 
nodules in upper .7', some iron 
staining . 
37 Limestone, shaly, light to medium gray 
to tan at base, fossiliferous, some 
pyrite . 
Scammon Formation 
36 Shale, medium gray to grayish black, 
very calcareous, pyritiferous, fossil-
iferous, becoming more bituminous 
towards base . 
35 Shale, black, bituminous, contains 
vertical calcite cleats, pyritiferous, 
slightly calcareous, contains some 
light gray calcareous lens e s . 
34 Lime stone, shaly, me dium light to 
medium dark gray, e x tremely fossil-
i f erous (mainly brachiopods), pyriti-
f e rous . 
Tebo Formation 
33 Coal, shaly in upper 1" (Te bo , S-38) . 
32 Clay, sha ly, me dium light gray with a 
1'' dark gray ban d at top a nd a 4" 
light gre e nish gray inte rva l at bas e , 
some pyritized plant remains, slicken-
sides. 
31 Clay, shaly , light gray to light 
























Depth to top 
( feet) 
at top, entire interval contains 
some pyrite and iron staining. 
30 Shale, clayey, light to dark gray 
mottled, slightly silty, some pyrite 
and iron staining, lower 2.4' contains 
many very light gray to brown clay 
balls with some siderite . 
Weir Formation 
29 Coal (Weir-Pittsburg). 
28 Sandstone, medium gray to dark gray at 
top, medium grained, slightly calcar-
eous . 
27 Shal e, grayish black to black, some 
pyrite and bituminous material, slick-
ensides. 
26 Clay, medium light gray, some organic 
plant matter and coal stringers. 
25 Shale, clayey, medium light to medium 
dark gray, some bituminous material 
at top . 
Pre-Cabaniss Subgroup (Undifferentiated) 
24 Siltstone, sandy, light gray, some 
medium light gray shale intervals, 
2" shale interval at 349.7'; becoming 
more sandy towards base. 
23 Sandstone, light gray, fine to medium 
grained, massive, micaceous bituminous 
streaks at 385.7', 388.2', 391.2', 
391.3', 391.5', 393.6', 393.7', 393.8', 
396.5', 397.0', 398.1', 398.8', 399.3', 
402.9', 416.1', 416.5', 432 . 4', 432.5 ', 
432.6', 438.9'; "lignitic" intervals 
from 392.8-393.1', 408.6-408.7', 
414.1-414.2'' 514.1-415.2'' 435.9-
436.1', and 450.4-450.5', some iron 
staining 
22 Shale, silty, medium to dark gray, 
some pyrite, organic plant remains 
























Depth to top 
(feet) 
21 Clay ironstone, olive gray to 
medium gray, dense . 
20 Shale, medium gray to black, with 
coaly intervals. 
19 Clay, shaly, medium light to dark 
gray, some coaly material at top, 
darker and more shaly towards base . 
18 Coal (Cainsville, S-39). 
17 Clay, silty, medium gray, bituminous 
material at top, slickensides. 
16 Siltstone, light to dark gray, lami-
nated, some bituminous material in 
bedding planes and some iron staining, 
a few scattered clay ironstone concre-
tions, less silty near base, grades 
into unit below. 
15 Shale, medium to dark gray, laminated, 
slightly silty at top, some organic 
material in bedding planes . 
14 Shale, clayey, medium gray, slicken-
sides, slightly silty near base. 
13 Siltstone, dark gray to grayish black, 
thin bedded, some iron staining and 
bituminous matter, olive gray clay 
ironstone interval from 478.3-478.8' 
with white to medium gray calcite-
fill e d veinlets. 
12 Clay, light to medium gray, mottled 
in upper 3", becoming slightly silty 
near base, grades into unit below. 
11 Siltstone, clayey, light to medium 
gray, light greenish gray, lighter 
in upper 3'; some iron staining and 
bituminous material, some laminated 
intervals; brown iron-stained inter -
vals from 486.2-486.5' and from 
488.1-488.4' 
10 Siltstone, light to dark gray, lami-
nated, more micaceous than unit 



































in lower 3', 
below .. 
Shale, dark 
grades into unit 
gray, very calcareous, 
slightly silty near top, some fossils 
near base. 
Limestone, very shaly, white to med-
ium dark gray, very fossiliferous. . 
Coal (Princeton, S-40) . . . 
Clay, shaly, light to medium gray, 
with some organic plant remains, 
slightly silty . . 
Shale, dark gray, slightly silty at 
top, some iron staining. . 
Siltstone, light gray, some organic 
plant remains, some iron staining, 
grades into unit below . . . . 
Shale, clayey, light to medium gray, 
some slickensides, laminated in part 
Shale, clayey; dark gray with some 
light to medium gray intervals, some 
slickensides . . . 
Sandstone, very light gray to white, 
very fine grained, friable 

























DRILL HOLE NO. 12 
Center, SW~, NW~, sec. 12, T. 61 N., R. 17 W.; 
on north side of Missouri Highway 11, 13 miles 
southwest of Kirksville, Adair County, Missouri 
Collar elevation 
Depth to bedrock 










Altamont Formation Depth to top 
(feet) 
58 Clay, light greenish gray to medium 
light gray, very calcareous, grades 
into unit below. 
57 Limestone, very light to light gray, 
finely crystalline, clayey, fossil-
iferous, clay is greenish gray; shaly 
in lower l 1 • 
Bandera Formation 
56 Shale, light olive gray to medium 
dark gray, clayey in part; very cal-
careous in upper .6 1 and lower .5 1 ; 
thin coal streak at 40.6 (LOSS OF 
3 • 9 I) • 
Pawnee Formation 
55 Limestone, light gray, medium crystal-
line, argillaceous, slightly fossil-
iferous. 
54 Shale, greenish gray, very calcareous 
(LOSS OF 5. l I) . 
53 Limestone, light to medium gray, finely 
crystalline, argillaceous; fossilif-
erous with many brachiopods up to 3/4" 
in length; light olive gray to medium 
gray, calcareous and fossiliferous 
shale intervals from 53.3 to 53.5 1 , 
54.1 to 54.3 1 , 54.7 to 55.0 1 , and 
55.4 to 55.6 1 ; less fossiliferous in 
















Depth to top 
(feet) 
52 Shale, medium gray to greenish 
gray, calcareous, fossiliferous at 
top. 
Labette Formation 
51 Shale, medium to dark gray, very 
calcareous in lower 1.3' 
Fort Scott Subgroup 
Higginsville Formation 
50 Limestone, white to light gray, finely 
crystalline, brecciated in upper .7', 
argillaceous in lower .6', brachiopod 
zone .2' from base . 
Little Osage Formation 
49 Siltstone, light gray to light green-
ish gray, shaly from 67 to 67.8', very 
sandy in part, some marcasite and iron 
staining, slightly calcareous in part, 
grades into unit below (LOSS OF 1.4' -
FROM 65.6' to 67.0') . 
48 Shale, medium gray to light greenish 
gray, slightly silty in upper 2', 
laminated and slightly calcareous in 
part, light olive gray ironstone band 
from 72 to 72.2', some marcasite, very 
calcareous near base (LOSS OF 2'). 
47 Limestone, light gray with much medium 
gray to greenish gray shal e , very 
fossiliferous. 
46 Shal e , dark gray to grayish black, 
fossiliferous , containing many thin 
light olive gray limestone lenses 
especially in upper .3', some marca-
site . 
45 Shale, light to medium gray, v e ry 
calcareous, coal stre ak n e a r top . 
Blac kjack Creek Formation 
44 Limestone, very light gray to light 
greenish gray, finely crystalline, 
argillaceous and some pyrite in upper 






















Depth to top 
(feet) 
43 Shale, light greenish gray to medium 
gray, containing many yellowish gray 
to olive gray limestone lenses and 
nodules up to 1" in diameter and 
larger near base, medium light gray 





42 Shale, greenish gray, grayish olive, 
to light olive, calcareous, fossil-
iferous in upper 2'. 
Mulky Formation 
41 Clay, light greenish gray, micaceous, 
slightly calcareous, some iron stain-
ing, darker and less micaceous in 
lower .7'. 
40 Shale, brownish gray and greenish gray 
mottled, calcareous, clayey in part; 
lower 2" is only slightly calcareous 
and medium gray to brownish gray in 
color. 
39 Clay, light gray, slightly calcareous, 
1" shaly coal band at top. 
Lagonda Formation 
38 Siltstone, light gray to light green-
ish gray to medium gray, becoming 
darker towards base, some pyrite and 
organic matter, some fine grained sand 
intervals, ironstone bands from 123.8 
to 123.9', 124.4 to 124.6', 125.4 to 
125.5', 128.0 to 128.1', 129.3 to 
129.4', 130.0 to 130.1'; laminated in 
most of lower 12'; grades into unit 
below. 
3 7 Shale, me dium light to dark gray, 
laminate d, darker towards bas e ; some 




















Depth to top 
(feet) 
36 Coal, 1.5" shale band at 147.7' 
(Bevier, S-41) 
35 Clay, medium light gray, slightly 
calcareous, organic plant remains 
near top, lower 1' contains many 
limestone pellets up to ~ " in 
diameter (LOSS OF 1'). 
Verdigris Formation 
34 Shale, medium gray, slightly silty, 
containing several thin light gray 
limestone lenses . 
33 Limestone, light to medium gray, 
mainly finely crystalline but with 
some coarsely crystalline brown 
calcite, slightly fossiliferous. 
32 Shale, medium gray to greenish gray, 
mottled; laminated, pyritiferous, 
slightly silty . 
31 Shale, medium light gray to light 
greenish gray, much pyrite and limonite 
especially in upper 5"; increasingly 






grades into unit below . 159.6 
30 Sandstone, light gray, very fine 
grained, thin bedded, micaceous, grades 
into a laminated siltstone; yellowish 
gray calcareous interval from 170.5 
to 170.9'; some intervals contain very 
thin yellowish gray calcareous bands; 
less laminated in lower 1' 164.4 
29 Sandstone, light gray, very fine 
grained, micaceous, slightly calcare-
ous; thinly laminated with medium 
gray siltstone in upper 1'; grades 
into a more massive, medium grained 
light gray calcareous sandstone; very 
light gray to white and very calcare-
ous from 186.1 to 187'; fine grained 
in lower 6", grades into unit below. 176.4 
28 Shale, light to medium gray, micaceous 
and interbedded with very fine grained 












Depth to top 
(feet) 
upper 4 1 and from 199.7 to 200.9 1 ; 
some pyrite and organic matter; large 
plant fossil at 197.1 1 ; clayey and 
slightly calcareous near base (LOSS 
OF 2 I) . 
Lower Cabaniss Subgroup (Undifferentiated) 
27 Clay, light gray, marcasite, organic 
plant matter, thin shaly coal streak 
at top, grades into unit below . 
26 Shale, light to medium gray, contains 
much organic matter, micaceous in 
part, slightly calcareous, some pyrite 
and iron staining. 
25 Limestone, very light gray, argilla-
c e ous, darker and more shaly from 
215 to 215.4 1 • 
24 Clay, light gray to brownish gray, 
slickensides, slightly calcareous. 
23 Limestone, medium light gray, finely 
crystalline but with veins and vugs 
containing 1/8" calcite crystals in 
upper .5 1 ; very clayey in lower 1 1 
22 Clay, brownish gray, light olive and 
medium light gray mottled, slightly 
to v e ry calcareous, contains some 
small limestone pellets, 1" carbon-
aceous streak at 220.4 1 (LOSS OF 3 1 ) • 
21 Siltstone , light olive gray to light 
gray, hard, grades into unit be low . 
20 Shal e , light gray, light brownish 
gray, y e llowi s h gray, mottl e d; with 
a 3" dark gray interval near base; 
middle of u n it is slightly to very 
calcare ous . 
19 Cl a y, light gray t o light olive gra y, 
c alcare ous . 
18 Shale , light to me dium gray, slightly 
calcare ous ne ar bas e . 




























Depth to top 
(feet) 
16 Clay, light gray to light greenish 
gray to light olive gray, iron 
stained, shaly coal streak at top 
and at 229.4', slightly calcareous 
(LOSS OF 4 I) 
15 Limestone, light to medium gray to 
light greenish gray, finely crystal-
line, fossiliferous, shaly at base 
14 Siltstone, greenish gray, brownish 
gray, to light bluish gray, containing 
ironstone especially from 231.4 to 
231.7', calcareous in part 
13 Shale, very light gray, slightly 
silty near top and grading into a 
very fine grained sandstone and silt-
stone in lower 2'. 
12 Siltstone, very light gray to medium 
light gray towards base; micaceous, 
laminated in part, pyritiferous and 
iron stained in lower 3', grades into 
unit below 
11 Shale, medium light to medium dark 
gray, slightly silty near top, darker 
in lower .3', ironstone bands from 
248.4 to 248.8' and from 250.5 to 
250.6' 
10 Siltstone, light to medium light gray, 
clayey in upper .3', v ery micaceous 
in lower . 8' 
9 Shale, light to me dium gray, silty, 
clayey and slickensided, gypsum near 
top, very micaceous from 252.9 to 
253.1', becoming darker near base, 
grades into unit below 
8 Shal e, medium to dark gray, some 
pyrite, ironstone band from 256.3 
to 256.5'. 
7 Cl a y, light to medium gray to greenish 
and olive gray in lower .3', shaly in 
part . 



























Depth to top 
(feet) 
5 Shale, medium gray to greenish gray, 
some pyrite, clayey at base, grades 
into unit below. . . . . . . 262.2 
4 Clay, mottled (brownish gray, greenish 
gray, olive gray) in top 4", medium 
light gray below, some iron stains 263.2 
3 Shale, medium light to dark gray, 
slightly micaceous, clayey and slicken-
sided in part, fissile and pyritiferous 
below 276.5', lighter and less fissile 
in lower .4' 266.3 
2 Shale, very light to medium gray, 
micaceous at top . . . 
1 Shale, dark gray, micaceous, thin 











DRILL HOLE NOo 13 
NW~, NE~, NW~ sec. 35, T. 60 N., R. 17 W.; 






Depth to bedrock 






Bevier Formation Depth to top 
95 Siltstone, light greenish gray to 
greenish gray, some pyrite, slightly 
(feet) 
calcareous near base . 248.5 
94 Limestone, shaly, light greenish gray, 
grades into unit below . 
93 Shale, light greenish gray . 
92 Shale, clayey, light brownish gray to 
reddish brown, slightly calcareous . 
91 Shale, medium to medium dark gray, 
slightly calcareous, somewhat clayey 
in part. 
90 Clay, light to medium gray, thin coal 
smut at top. 
Verdigris Formation 
89 Coal . 
88 Shale, light to medium gray with a 
thin yellow gray clay interval at top, 
slightly silty, contains large marca-
site nodules near top, some iron 
staining and pyritized plant remains, 
grades into unit below . 
87 Shale, light gray, contains some 
organic matter and marcasite, contains 
several 1"-2" dark gray phosphatic 
concretions. 
86 Siltstone, light greenish gray, very 





















Depth to top 
(feet) 
light gray to tan .lz;"-1" limestone 
nodules, some marcasite and pyrite, 
grades into unit below . 
85 Siltstone, light to medium greenish 
gray, slightly calcareous, some 
marcasite and a few small light gray 
to tan limestone nodules . 
84 Shale, light gray, light greenish gray 
but grading into bluish gray and med-
ium to dark gray towards base; very 
calcareous, laminated in part, some 
pyrite and some fossils, becoming 
increasingly fossiliferous towards 
base, grades into unit below . 
83 Shale, medium gray to grayish black, 
very calcareous, fossiliferous, 
slightly silty, some marcasite . 
82 Limestone, shaly, light to medium 
gray, fossiliferous. 






calcareous . 305.8 
80 Shale, medium dark to dark gray, thinly 
bedded, very calcareous and fossil-
iferous, some marcasite. 307.2 
79 Limestone, light to medium gray, 
fossilif e rous, medium crystalline 
with some crystalline calcite, shaly 
in top .1' 
78 Shale, light gray to grayish black, 
darker near base, thinly laminated 
in part, fossili f erous, v e ry cal-
careous, some slightly silty intervals, 
some marcasite, grades into unit 
b e low. 
77 Shale, light to medium gray, v e ry 
calcareous and fossiliferou s in 
upp e r 1', some bituminous matte r and 
marcasite replac e d plant r ema ins . 
Crowe burg Formation 




















75 Siltstone, light to medium gray, 1" 
medium gray clay interval at top, 
some organic matter, some laminated 
intervals, some fine grained pyrite, 
slightly calcareous, grades into unit 
below. 
74 Sandstone, very light to medium light 
gray, fine grained, micaceous, very 
calcareous, some fine grained pyrite 
grains, some bituminous stringers, 
grades into unit below . 
73 Siltstone, light to medium light gray, 
slightly calcareous, marcasite with 
some staining. 
72 Sandstone, light to medium light gray, 
fine grained, micaceous, some fine 
grained pyrite, calcareous, some 
bituminous stringers; very similar 
to unit 74 . 
71 Siltstone, light to medium gray, 
laminated, slightly calcareous, some 
pyrite . 
70 Sandstone, light to medium gray, fine 
grained, very calcareous and micaceous, 
some ~"-1" marcasite nodules and many 
bituminous stringers; very similar to 
units 77 and 74. 
69 Siltstone, light to medium gray, 
laminated slightly calcareous, some 
marcasite nodules with staining. 
68 Sandstone, light to medium gray, fine 
grained, calcareous, 1" marcasit e 
nodule at 336.6', thin bituminous 
layer at base. 
67 Siltstone , light to medium dark gray, 
laminate d , slightly cal c a re ou s, some 
marcasit e and iron sta in i ng. 
66 Shale , light to me dium gr a y, slight l y 
silty in upp e r 3', some lamination 
with micac e ous laye rs, some ma rcasit e 
and iron staining; darker and more 























Depth to top 
(feet) 
medium dark gray calcareous band 
with some fossils and many 1/8" pyrite 
grains at base . 
Fleming Formation 
65 Coal, very shaly, some \ + inch pyrite 
nodules, melanterite; some fossils in 
the dark gray shaly areas. 
64 Clay, light to medium dark gray, 
darker near top, slightly calcareous, 
some organic matter and pyritized 
plant remains, grades into unit below. 
63 Shale, light gray to light greenish 
gray, clayey at top, slightly silty, 
contains many yellowish gray limestone 
nodules up to 1" in diameter, some 
fine grained pyrite, darker and more 
thinly laminated from 355 to 357.2'; 
3" limestone nodule at 357.4'; some 
brownish gray to grayish red mottling 
near base, grades into unit below. 
62 Shale, grayish red and grayish green 
mottled, (mostly red tones), clayey 
in lower .4', some small limestone 
nodules near base. 
61 Shale, clayey, light to medium gray, 
calcareous, some small limestone 
nodul e s, some iron staining. 
60 Siltstone; grayish green, grayish 
red, dusky yellow, and very light 
gray variegated; contains much iron, 
clayey in upp e r 5", less silty in 
lower 4" . 
59 Clay, light gray to g reenish gray 
with some olive gray, iron stained in 
part 
Robinson Branch-Mineral Formations 
58 Shale, grayish black, fissil e . 
57 Clay, me dium light gray, shaly in 
























Depth to top 
(feet) 
56 Shale, grayish black, fissile, some 
coaly material and marcasite . 
55 Clay, medium gray to greenish gray, 
shaly near base, containing some 
brownish gray calcareous ironstone 
nodules. 
54 Shale, clayey, grayish black, contain-
ing some flattened phosphate nodules . 
53 Clay, medium gray to greenish gray, 
calcareous, shaly in part, contains 
some coaly material near top, very 
similar in appearance to unit 55 . 
52 Shale, clayey, dark gray, containing 
some flattened phosphate nodules 
(SOME CORE LOSS) . 
51 Clay, light to medium gray to greenish 
gray, calcareous, slickensides; 
becoming darker, more shaly and con-
taining marcasite in lower l'; 2+ 
inch medium gray limestone nodule at 
372.4' (LOSS OF 5.4'). 
Scammon Formation 
50 Coal, very shaly, containing some 
marcasite. 
49 Clay, medium gray to dark gray at top, 
slightly calcareous in part, contain-
ing some -t " limestone nodules, becom-
ing more shaly towards base. 
48 Sandstone, light gray, fi ne grained, 
shaly at top, containing some marca-
site . 
47 Shale, light gray, sandy at top, thin 
dark gray streak 1" from top, some 
fine graine d pyrite. 
46 Shale, me dium to medium dark gray, 
some marcasite . 
45 Shale, light gray to light greenish 




























Depth to top 
(feet) 
44 Sandstone, light greenish gray, very 
fine grained, some interbedded green-
ish gray shale . 
43 Shale, greenish gray, interbedded with 
light greenish gray, very fine grained 
sandstone, some fine grained pyrite. 
42 Sandstone, white to very light gray, 
fine to medium grained, calcareous, 
with fine grained pyrite and limonite, 
greenish gray shaly interval with 
sandstone stringers from 384.3 to 
385' 
41 Shale, very light to medium gray, 
laminated in part, becoming darker 
towards base . 
40 Shale, clayey, medium light to medium 
dark gray, containing some marcasite, 
calcareous and containing some 1/8"-
1/4" limestone nodules . 
39 Shale, medium to dark gray, thin 
bedded, sandy and containing iron-
stone from 393.7-394.1' and from 
395.8-396.2', becoming darker and 
more fissile towards base, many ~"­
~" pyrite nodules, coaly at base . 
Tebo Formation 
38 coal, shaly, shale parting from 
404.8-405.0' 
37 Clay, light gray, silty, containing 
some organic matter and marcasite 
replaced plant remains . 
36 Shale, light to medium gray, lami-
nated, some marcasite nodules and 
slightly silty near top and in lower 
l', slightly calcareous in part. 
35 Shale, light gray to greenish gray, 
some marcas ite with iron staining. 
34 Clay, medium light gray, slicken-
sided, with l" dark gray fissile 


























Depth to top 
(feet) 
33 Siltstone, light gray to light green-
ish gray, contains marcasite with 
some staining, some organic matter; 
more sandy and containing more marca-
site and organic matter in lower 1'. 
Weir Formation 
32 Coal, much fusain. 
31 Siltstone, clayey at top, medium light 
gray to light olive gray near top 
containing organic matter and marca-
site replaced plant remains, 2" mar-
casite nodule at 416.5', thinly lami-
nated in lower 2", grades into unit 
below. 
30 Shale, grayish black with some thin 
light gray laminae in upper 8", silty, 
marcasite nodules up to 1" across, 
some olive gray clayey areas and 
organic plant remains, several thin 
white sandy lenses in lower 1" . 
29 Coal, shaly, marcasite . 
28 Siltstone, white to light gray, light 
greenish gray in lower 4'; some organ-
ic matter and marcasite near top, 
organic streaks at 427.7', 428.8', 
429.2', and 429.5'; laminated in 
lower 2.5'; calcareous in lower .8'. 
Krebs Subgroup (Undifferentiated) 
27 Shale, dark gray, some marcasite and 
plant remains, ~ " thick diagonal 
calcite vein at 434.8' intermixed 
with very light gray, fine grained 
sand in lower 1" . 
26 Sand stone, very light to light gray, 
f i ne to me dium grained, massive, 
po rous , very calcareous; organic 
streaks at top and 4" from top, some 
fine grained pyrite and calcite. 
25 Shale, clayey, medium gray to light 






















24 Coal, much fusain and marcasite. 
De pth to to p 
(feet) 
446.4 
23 Shale, dark gray, coaly in part, 
calcareous, marcasite. 
22 Shale, very light to light gray, 
containing organic plant remains, 
slightly sandy at base . 
21 Sandstone, yellowish gray, medium 
grained, subrounded; some pyrit e , 
iron staining, and organic matter. 
20 Shale, medium to dark gray, clayey at 
top, slickensides, slightly sandy at 
base 
19 Sandstone, very light gray to light 
yellowish gray, fine grained, sub-
rounded. 
18 Shale, light olive gray to greenish 
gray, some small marcasite pellets 
and very light gray sandy lenses 3" 
from base. 
17 Sandstone, very light gray to yellow-
ish gray, fine to coarse grained, 
rounded to subrounded, intermixed with 
some medium gray shale, some organic 
matter, and marcasite; cement is 
slightly calcareous and contains 







green) . 456.1 
16 Shale, white to very light gray 
(noncalcareous), hard, slightly 
silty. 458.3 
15 Shale, light greenish gray to dark 
gray, laminated, coaly at base . 458.9 
14 Coal, shaly. 459.1 
13 Sandstone, medium light to me dium gray, 
clay e y at top, v e ry fine graine d 459.2 
12 Sandstone, very light gray, very fine 
grained, clayey in part, some fine 
grained pyrite, grades into unit 
below. 459.5 
239 
Thi c kness 














Depth to top 
(feet) 
11 Shale, silty, medium light to 
medium gray, some organic matter . 
10 Sandstone, very light gray, very fine 
to medium grained, subrounded, some 
medium grained pyrite and limonite, 
slightly calcareous; medium gray shale 
interval from 464.5-464.7'; greenish 
gray clay at base. 
9 Clay ironstone, light olive gray to 
yellowish brown, greenish gray clay 
at top, some calcareous areas. 
8 Shale, greenish gray, lighter and 
somewhat sandy in top 1" . 
7 Sandstone, very light gray to light 
olive gray, fine grained, shaly in 
upper .5', some marcasite and iron 
staining, large yellowish brown clay 
ironstone concretions from 468.2 to 
468.5', small clay and clay iron-




Ste. Genevieve Formation 
6 Limestone, light gray to light olive 
gray, conchoidal fractur e . 
5 Limestone , sandy; sand is fine to 
medium graine d, subround e d; unit 
grades into a massive fin e grained, 
light greenish gray, calcareous, 
sandstone containing many white to 
very light gray limestone and chert 
nodules of varyin g siz e s and some 
medium to coars e grained sand in 
l ower 1.7' (conglomeritic); limestone 
no d u l e s are rounded to subrounded; 
c h e rt is s ubangul a r. 
4 Lime stone , v e ry light gray, s e v e ral 
greenish gray clay pa rtings , fi nely 
crystalline , thin bedd e d, 1" oolitic 
interval at top of unit, stylolitic 



















Depth to top Thickness 
(feet) (feet) 
from 478.5 to 4 79.5'' and from 
482.7' to base, some coarse grained 
calcite in small vugs, greenish gray 
shale interval from 479.0 to 479.2'. 473.3 20.0 
3 Shale, greenish gray, containing very 
light gray limestone nodules up to 
1" in diameter, conglomeritic. 483.3 0.4 
2 Limestone, light gray, stylolitic, 
some pyrite and coarsely crystalline 
calcite, oolitic near top; light 
greenish gray parting from 485.1 to 
485.3' ; brecciated, especially from 
488.8 to 489.5'. 483.7 13.6 
1 Clay, greenish gray, containing small 
to very large, very light gray lime-
stone nodules. 497.3 4.2 
DRILL HOLE NO. 14 
NE~, NE~, SE~ sec. 8, T. 62 N., R. 18 W.; 
2~ miles north of Mystic, Sullivan County, Missouri 
Collar elevation 
Depth to bedrock 








Pleasanton Group Depth to top 
(feet) 
27 Sandstone, very light to medium gray, 
medium grained, hard, very calcareous, 
containing moderate yellowish brown 
dolomite (?) concretions up to 3/4" 
in length. 
26 Sandstone, medium light gray, fine 
grained, angular to subangular, 
massive, micaceous, containing organic 
streaks including some coal lenses, 
slightly to moderately calcareous, 
some iron staining, some elongated 
light olive gray clay balls up to 1" 
in diameter, light olive gray lime-
stone nodule from 211.2 to 211.4'. 
25 Siltstone, light to medium gray, 
laminated in part, micaceous, some 
pyrite and iron staining . 
24 Sandstone, light gray, fine grained, 
angular, massive, very calcareous 
with a noncalcareous medium light 
gray shale band from 216.6 to 216.7' 
Desmoinesian Se ries 
Marmaton Group (Undifferentiated) 
23 Shale, medium light to medium gray, 
micaceous, much iron staining. 
22 Shal e , medium dark gray to grayish 
black, thinly laminated to fissile, 
very calcareous, fossiliferous, some 
coaly material, marcasi te. 
21 Shale, medium light to medium gray to 
greenish gray, containing some yellow-
















Depth to top 
(feet) 
calcareous nodules up to .l:2 " in 
diameter (very abundant from 225.8 
to 229.8'), some pyrite, slightly 
micaceous in part, moderately cal-
careous in lower 9'. 
20 Shale, light gray to light bluish 
gray, containing some yellowish gray 
to moderately yellowish brown cal-
careous nodules but less than unit 
above. 
19 Shale, medium to medium dark gray, 
becoming darker towards base, 1.5" 
yellowish gray band near top, thinly 
laminated, slightly calcareous to 
very calcareous and fossiliferous in 
lower 4', some marcasite, grades into 
unit below . 
18 Shale, dark gray to black, thinly 
laminated, some small yellowish 
gray calcareous lenses near top, 
slightly to very calcareous, some 
fossiliferous intervals, very cal-
careous in lower 1". 
17 Coal, shaly in lower 3", sulfur band 
at base (Lexington?) . 
16 Clay, shaly in part, light to medium 
gray with much organic matter and 
pyrite in upper 2', very calcareous, 
grades into a micaceous light gray to 
light greenish gray calcareous shale 
with a fossiliferous and pyritiferous 
limestone conglomerate (majority of 
grains in the .l:2 to 4 mm size range) 
from 288.8 to 290.2' (smaller sizes 
in lower .2'); additional fossilif-
erous conglomeritic intervals with 
sizes of ~ to 1 mm throughout rest 
of unit to base. 
15 Limestone conglomerate , sizes up to 
~"in upper 1', containing a greenish 
gray shaly interval from 293.2 to 
293.6'; becoming coarsely conglomer-
itic at 293.6' (limestone nodules up 
























14 Siltstone, light gray to light green-
ish gray, laminated in part, slightly 
calcareous, some pyrite and iron 
staining, grades into unit below . 
13 Shale, light gray to light greenish 
gray to medium gray, grading into 
medium dark gray in lower 1.5', 
laminated and slightly calcareous in 
part, several brownish gray ironstone 
bands; containing pyrite and marcasite 
especially in lower 3' 
Bevier Formation 
12 Coal (Bevier, S-42). 
11 Clay, medium light to dark gray; 
bituminous, especially in upper 5"; 
somewhat shaly near base . 
Verdigris Formation 
10 Coal (Wheeler, S-43) . 
9 Clay, medium to dark gray (darker near 
top), iron staine d, some bituminous 
material, espe cially near top, shaly 
in part. 
8 Sandstone, light gray, very fine 
grained, contains several light green-
ish gray shaly a r eas and yellowish 
gray calcare ous are as, some pyrit e ; 
calcareous sandstone in lowe r 3" . 
7 Shal e , light greenish gray to greenish 
gray, calcare ous, darker and fossil-
ife rous in lowe r 6", some pyrit e . 
6 Lime stone , light olive gray, f inely 
crystalline, f ossilife rous, pyrite, 
shaly in upper 9" and lower 2" with a 
calcareous and pyriti fe rous greenish 






















Depth to top 
(feet) 
5 Shale, light greenish gray, with a 
laminated medium gray shale and light 
gray calcareous sandstone interval 
from 347.9-348.1'. 
4 Shale, light to medium gray, with 
some thin dark gray intervals, clayey 
in part, some pyrite and clay iron-
stone concretions, several bituminous 
streaks and organic plant remains -
well preserved plant imprints at 
357.4', 367.7', 369.5', 370.0', 379.5' 
and at other intervals throughout the 
unit . 
Croweburg Formation 
3 Coal (Croweburg, S-44) . 
2 Clay, medium light gray, some bitum-
inous matter and marcasite in upper 
.8'; calcareous containing small 
limestone nodules in lower 1.4'. 
1 Limestone, shaly, light gray to light 
greenish gray, finely crystalline but 
with several veinlets and vugs filled 
with brown and white crystalline 
calcite with crystals up tot" across; 
sandy from 387.5 to 388' 
~4 7. 3 
353.5 
381.6 
382.9 
385.2 
245 
Thickness 
(feet) 
6.2 
28.1 
1.3 
2.3 
2.8 
